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I'UEFACK 

In this b(X)k an atti'inpt has Imm'ii inadi' to di'al 
with thevanoiis aspects of niacliine-tiMil tislinn 
in such a way as to make the Innik siiitahle for 
engineer apprcnticis ami stuileiits as well as 
responsible engineers. Considerable sjsici' in 
the book has been devoted to the testing of 
madliine tools and machine-tool eh'inents for 
accuracy since the author helieves that this 
subject is of priim- importance at the present 
day tfith its increasing demands for accuracy 
and efficiency, tlenerally, more space has heeir 
given over to the description of methods and 
instruments than to the consideration of pub¬ 
lished results of tests, tliough the lattm' liave 
by no means been neglectetl in view f)f their 
importance from the prnnt of view of machine- 
’ tool design. 

From the general suhjeet of machimytool 
testing i^is impossible to separate the lesser 
subject of the testing of cutting tools; hence 
exclusive consideration has been given tu.,this 
in a chapter towards the end of the liook. 

It is hoped that the book may prove useful 
to enlfineering teachers and others wbo have 
charge of classes in machine-tool, testing. 

GEORGE \V. BURLEY. 

SHxmiui UsivsBsiTv, t 
July, 1915. 
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IM'Kolil t'l lo\ 

llu' ;;cnr}al point of \i* v\ tin* ••omtiicm (iinciioh 
of uU lii.o'liaios in:iv Ih* iolmhImI a-, ihr ixu i<-i nnnm' 
I*/ or tlj*‘ tu'u <>i no ‘•jMc ill ilofim- 

lion iu'iii;,' I'lVi'M lo tin- nio.iniii^ ol oiiln r woik or 
onljml wlirtj ui 0ns roinuj-tioi.. <,iinv lnah 

vaiy t*oii‘Si(l"raltl\ ii'ai Joprn.l in ;ii.\ p.micuRr 

cnv- upon Oir kiml ol inarhino lo ulncli (Ir-N Ii.jm- 
rofoirno*'. Jn any ♦■asf*. fio\M-vri. wr ^'.•iiotalK sup 
)K)su timt the work oi output i-n n>itlu i itiuu>‘(itai<-)\ 
or uliiniatol\} ol anion- oi |<-^> iis«ful cliai.H-ni so 
far as nian -iiulivnlimlly or «'o!li‘(-(i\ri\--is foin 
corned. thou;‘li thon- an*. uii«lon)»lr«ll\, exci-piions 
own to this <*X(a!lloMt rul*- in n->.'iod to tJu- ulilify 
of iiRlividwil iin-chaiiical pioc'-si-s and«iiia<-hiu's. 

As OIK- cxaniplo ol llu- output of a niacliino wo 
inay taki- the caso of any fonn of t*-xti!(^ iiiadiniiH, 
say, that form of luachinc wliu-h is iUisi^iu-d for 
weaving cloth. In this case, tin* ultiinat«- v\oik of 
tin* inachino is the prf.*<]ot(jrn»in'‘d ar^in};<*innnl of 
threads of coiifin or wool in llieVefl and wovo^ 
form the required cloth, and tin* onljiut of the 
machine is, obviously, the quawtitv of*f'.othVuthoui 
l)I|mish which the can pniduce in any 

given time. 
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Aiiuih^T of i)h.’ out])Ut of a omcbiite ih to 

fio fouiiif m tfn* car«‘ of wfuclus. Her*' 

thii uiitput cannot Iv* stated in simple terms of ft 
mal'Tiai qnantiU, since the work of such a machine 
is ifie transference, of nluss(!^ in the H'Tnpe of the 
jHisseni^crs or loa»l fjoin one place to another, the 
relation between the t\NO places hein^ either hori¬ 
zontal or ' erhcal, or a conihination of thcs(\ The 
output of such a nuu'hine may. thenifore, Im* rejrunled 

siiiiplv as movement or imjtion. ihonolt it has another 
* ® 
sij^iulication. 

.\ lurtlier example is that of ifie class of rnacdiJU's 
known as maclnne-iools. The tnu- function of Mich 
niaclimes is the pro«lut*t on of niachined parts of re¬ 
lished sizes, shajios, and deerces ol Hnish, sm*h‘\Nork 
Inane cllecled hy the actual removal or ciiUiii" away 
of the excess ni.itei’tal from the stock or original 
niuteiial wlien this is in the cold state. Jn every 
case, sucli nsnoval or cutting away of excess material 
is jHjrfornusl hy means of one or more cutiin^j ts)ol8, 
and the tnatiTial which is removed is usually rejected 
as waste or semp and eonsi^rned to the scnip heap. 
()))viou8l\, the output i»f a machine-tool is ndated 
closely to the ntiiiilier of machined parts that such a 
niiMjf^ine can turn out or produce in a ^'iven time, 
and from tW> point of view of the practical man this 
is usually the only point of any importance, though 
from the economic point of view there are hjany 
uJ.er factors whitfli demand consideration and which 
have a profound induence upon, the output when de> 
fined as above Fropi the scientific point of view, 
machino'tool processes ma^* Jx: divided generally 
into two classes: roughing and finishing. In the 
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cast’ of iho formor, only nn ordinary drjrrtv i>f ac- 
curB<’\ is th<‘ chief object lanni; ihe 

ivinoval of material from tin* Mot'k, from which 
jioint of view the onifnit (jf a inaclmic-lool (in which 
such work V ilonc ma\ lie assumed to Iw the \olniiie 
or wuitfht of im*iiil whicli can he lemovcd in a t,dven 
time. On the other hand, when the |iK>c«sa is a 
iinishin;/ otto, tlm dopih of tie cut is '•\e(*edinf;lv 
small, so that the vitlum«*trie or j'lavimetrie aspecl 
of output does mil hold hen*, a nnieh mote reason- 
ahh* (J^’lnutum of output in sueh a «'ise Ixiin^ has<*d 
on#the superficial area whieh can he tinodnneil or 
iinislusl in a given tiiiu*. 

Now, in onier to he aide to iH'rfonn work or to 
jirwi^hje an output for whieli n is designedra 
machine—without aiiv exeoplion wliateM'i*'- muKt 
Ik* protided with motion or iiuH'emeni. oi, rather 
more strictly, certain principal and elemental parts 
of it must lie so provided, though at the same limn 
certain oliiur principal patlsinnsl he nmintained in 
a relative condition of rest, sima* the fundamental 
])i'iiici])lo of opciation or action of a machiiu* is not 
the aiisoltilc motion of any partMn it, h«t the motions 
of the various parts of ilic machine relative to one 
another. 

In connection with this (jueHtion of*the relative 
motions or movements of the com[>oneiii |jartH of a 
machine, two points cidl for coiisiden|(ion. fn the 
first place, except in the theoreti^iflly ideal macHTffT 
—which is, of course, not realizithle practically— 
wherever there is itdative motion between machine 
^rts or elements tlvirs'is also a resistance to that 
motion, which wo descril>o %s friction. This resist- 
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fttu'f* i't of two kitnU. or riittior two foriit". static 
frii-lion soitK'liinos called siicktioo—wlucli ia the rc- 
sistain’.e to iiioiioii which ia cM-rtod wh‘*u the lontioo 
ta jiiat lieiii;» cotniiicMCfd, and the fiiolioii of inotioo, 
oi dtoaio'clricLio'i. which is the resistiioyr to motion 
when theie is actiiil rclatnc niotioo la-lwcen the 
parts or elements In ]iracticalli every case the 
lormer is i;onsiderahl\ ereatej- than the lainn hnl, 
\\hatc\er mar he tln-ir distmenishine tealiires. in 
our stndr of this siihjecl we may reo.ud them as 
heinj; merelr two ihlleinnt phaseso! the same l•ntily, 
and, therefore, treat them toe,,|!n‘r. \s a matter 
of fact, the foiiner is oidr ol anr import.ance m 
eomieetion with those paits of .i machine rvhieh 
have relatire reiapiocatme ot to-and fro motioitsand 
ihov parts winch hare relatire ciienlai tn lotatorr 
Iiiotioiis whan these ate jiisl h - 1111 ; slat teil. Now .this 
fiictional re.sistaiice, rrhieh airr.ir s acts in a direetioii 
parallel to, or tangoiitial to, the contact surfaces of 
the jiails helrreiiii rvhieh there is relatire motion, has 
to he overcome hefore this motion can lie impartisi 
to, or maintained in, the parts of the inachiiie. This 
requires alrvajjs the a(iplicatioii of a mechaiiical force 
or forces, the action or operation ol which involves 
the. o^ienditure or consumption of nicchanical energy, 
since by the expression “ inochauieal energy" we 
moiin the eapahility of doing mechanical work or 
overcoming mechanical resistanoi- throngh i^ace. 
Tl'is expenditure' or consumption of mechanical 
energy ufiiu//s occurs whenever frictional resistonce 
is overcdnie, tliougli ^le energy, simply as energy, is 
not destroyed, hut is oonver'jed into another form of 
energy, namely heat'engrgy, by a process which ‘a 
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known th*- “ il**u'Vj\(lrttion of (*ni*i;r\ ■' ’Hius, lo 
oveivotue ihf fiK-tinnnl (hviiisIm'- 

Uvi'on ln*niin>i^ utnl loinmil" ami ln'ium'n tnm'lnnc 
sli(l<s iiihl nuv'lmnicitl tarn- ami nh‘<-lianirftl 

nmsrgy an ilu- ainanni ai iina'hanu’al <‘m‘rj:y 

al)saih«‘(l in j^nch a ptoi-ass nai lu-ina availal»l«' la» 
fnrllmi’ !n**^n ronfiociion witli lln* avarrannna ai im'Ii 
ti.ili/ation of fnt'iianal t^-'.istaiuT, Imt ll^•ln;^•^•anv^•lt^‘^l 
diriH'tIv inlo licat. ai hrat amii'f^v. 'I’ln'ln’af vshu li N 
thus |»r*) liicTl K (Im'iipai.'il m m'\<'IiiI ways. Mirh us 
jaisina al till' h'lnjii'iatini' at ihr jiiiiN iM'lwc^rai 
whiidi lh*‘a' IS ri-luLi\r imniajj, tha licaliti'j ol i1h- a! 
niOsjilit’ia III till' Mnni«-(lial«- mi/lilioiitliaail ol tin* 
jiarls liv can'lnction. aiul tli*- hratinj^'<*1 n iiKtlr <'lf 
jmas*|)v la'liatiaii ami <’aii\<‘i-tion. In l•u^^l aTnl 
vwi) fuse, hawi'vor, the fm'jvy wlm li m so nlilizi'd 
IS lost ta the niaofinit' ami loimuns lira! rnmu’\ nnfil 
liy a process oxtmh.il !<» lln* inar.liitia it is lonm- 
voic'd into inm’hiUiK'al cm-iav or caiivi'iloii into 
cluMiiical Ol oloclrical on' ivy. 

Wo in.‘i\ assooialo uii |•^■sislam:*•. wliU'lr is a Joiin 
of molocnlur Iriotionul rosistanca* ami an ilmn ot 
sDim* coi^sitl«'ralik‘ iinportann* in (•(•niootioii with 
iho operation of cm-tain inacliines- wilh iho orilimu) 
frictional lesistance to lh»* n-lulivo tnovenmnl (4»<oli(l 
Ixrdiirs. ftince its overeoniin;' reipiires ilm.cxjMimlitino 
of iricchanical energy, which, in the jjrom's^, is 
conv^Tted iiiU) hoal (iner^y as in iha i^ase of Iho 
al>ov(» re«isuncc. 

Tho other point which wills for attention is tlial 
of the inertia of ihu inovinj,^ .iwirts of a njachine. 
Owintr to the exisUinotf of this properly of all 
material IxxJies, whenever Hhe motion of a part of a 
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machine clmiipPK it is always accomjmjiiod by the 
application of a fore**, which may hi* rejjarded as • 
either positive or n<‘pUiv«‘ acamlinu lo whether the 
ehaiiy:i* ni the motion of the part is in the nature of 
an inerciw o)- (leerease. In other word^ to acceler¬ 
ate the motion of a machine element it is mjcessiiry 
to apply a force the nia^mitini<j of wliicl^ is f,T(‘ater 
than tile viat^nitmle of th** force which is only le- 
<|uire(l to overcome the frictional resistance to motion. 
This, of couiNe, involves the nxjiemhlure of roe- 
chamcal eneiv'v, llmni'h in this case thi* potential 
nn-chanical energy i-' not ininudiately converted into 
heat hni into another form of mechanical enei^y, 
namely, kinetic eiKnjfy, that is, the kinetic energy 
of*lhe part is increasid, 

In un\ iimehine, it shoidd he observed, since rales 
of motion or sja'eds do not increase indolinitely, hut 
alway.s ultimately liecomt' zero as it the start, for 
ever) acea'lenitimi there is a rotaidation or negative 
ace>eh‘ratiOM. In this <Mse the aUive proc(*as is re- 
versinl, and the anioiini of kinetic energy in the 
moving part is redueod, since llic rate of motion or 
a|)ced IS riduhad. Thus, if K - the kinetic eneig)' 
lost oi- given up hy the moving part; \V - the 
weigljt of the moving part, in ll)s.; V =■ the velocity 
of the {lart, in foot |ier second, at the beginning 
of the period of retardation; Y,=s the corresfiODd- 
iug velocity ^at the end of the period; and tj « the 
-“l^vilalional co-<,fticient: then wc know from the 
principles of OK>ohanics that— 



Now this amount of kinetic energy which, it 
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should he rememlnMed, i< oiu- fi»nu of nx-ohiuiiciii 
onergN, ha" )>ceu ^d\eii up h) ihe rnov.n;^ pait. and 
since energx k tl»f eaiMvhility of ilonu.' \\ovk or ('Vcr- 
coniiu^' a rtsistaiuv throu;'!) spne**. it follows lhal 
this amount of kineiie eiier^'X is ntU ilestio\ed. hut 
is i«H*rel\ C'»nvcit«'(l ini > atiolher hinn of eneij'\. 

In this oomurtion tlirre (*:lst•^ pu-siMit lh«‘rttsel\«‘H 

In the tirsfcuse. all this kuietjc is rec«ii\eiteil 

• ♦ 

inlopolentia) tins'h.niK-a] enojoN. so t ii.U ihr aenderat- 
ing aiul relafdin;; pioef-svs jusi Inlanco one unolhor. 
and no «•n(•J•J'\ fnnn an external sonicf is n ijninalto 
p^^'forin iJx’ inaa lej at in;' proeoss Tins is the ideal 
(MSI), and IS never e\aetl\ nttainahh' >n piaeiiee. In 
the si'cond (aw-, all llie lost Kinelte ener;;\ is iitili/eil 
in oti*reoinjn;^ fiictional resistanei-s, as m the ea*^* ol 
a train or autoniohile w hen the hiikes are appiifsl 
and the motive povvi-r eiil olT Il' H' all the lost 
kinelic enerev is eonverte.i into Ixm: emi^') and 
none is availahle fur u-e in eoi.in-e.tmn with the 
next aceoleratine pioeess. In (he ihnd r.ise, pait 
of the lost kirn’tic ener;'y is afisorbed in overeonnn;’ 
frictional resistanci's and thus diBsipatr-d in ihr’ form 
of heat,^whilst tin* remaindi^ i" ini^de avadaiitc m 
some way. eiilu*r as potential enei;.’}' or kinetic 
energy in some otluT part of the nundiiiH*, ha* use 
in the next accelerating pioccss. 'i’htiK, ln?^e, only 
a |K>rtioti of tii« total accelerating energy has to In) 
suffplied during each cycle of luovementh from an 
external souici*. hut this amoigit. Whatever 
represents the amount which was converted into 
heat during the previous cvefe. 

We thus see that i^U machines are consuiners of 
mechanical energy. Thgy cAn, however, Ik* divided 
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inh) lufi o1;ishj‘s. ijsuih'Iv, tliosc in wliicli 

f>nl\ }i |»!iil (if ill*' l•n*‘l’;\ whiclt supplu'd to tin? 
inii-liim* i'i .uin.illv <‘onsiiin»-<l in it. so tlmt a pait 
ol tins (‘Mi r^iv N lu.iiluliU- for ns(* m sotnr uiIh'I pro* 
ooss «n inmiliUM', uiiil thn-.!' in wlncli all^ ihn (‘Mcrj'y 
whii;}) is su|ij'ljo(l Is consunn-il in tlu* niacliino, r-iilu-r 
in fho iiriu.i! |tr(i(M'ss foi wlncli lln- nmcliiin-is dr- 
i^ij'ind.oi Ml ov»'r<‘iiinin;; fnriional ifsista^Kios in tlio 
inicinal nicchani'^ni ot the inarinin'. 

To ilip tust rl.iss ,ill j»nnip-nio\f»s. -jocIi jis stcain 
nn^nn.'s and lurliiia s. nilpni.il oomlaisdon nicsplo- 
sion oiii'iiiPs. .nid cii-.-tiir motois and ppnoialojsJ»p, 
lon;i. Ill iln’ im,s-- ot ;ni\ ot tli*-"!', tin- ciutj^x wliicIi 
Is sjifipiiiij lo ilip ni.udiinc is iPi'lls (•on\4-iic<l into 
aiiothoi loiin ol cm'i*') uliirli is moic iisituKIlian 
the (»n;jinal. Thus, in llio casp ot tin- st4*am oiipim* 
tin- 4'in'rp\ whioli Is Kiippia-d is in tin- toiin ol heal 
»‘iM’i\'\ uhu-li IS conlaino'l in tin- skmiii, and this, 
llirou^li llio iinsdi.inisin of tin* nii;rin<\ Is ('onV 4 Ml«‘d 
inU) JH'sdunical t-nri^'y. a pari ol which is availahh- 
for It'')' thf ('tt^inc, llic ri-nmituiiT Ih-iht.' hisi 

ill till’ (■ii)'iiii’ iiiclf ill ovi'ii'oiiiiii!; iiiiiTiial miiim- 
aiiui-s. Jii ilic cHsii^ of till* clci'tiic motor, it is 
clt'oliiciil uncifjv which is sii]i|ihcil iiiid mfchiiiiiciil 
fiiMKy which is ijivcii out. whilst in the case of an 
chvtriC HetuTiUor the proo 's is reversed, it la'ine 
mechanical etiernj which is stippliisi and electrical 
energy which is yieldisi h\ the inaclimc. Jn luldi- 
tinii to the al)6ve l,|)ere ate machines in which me¬ 
chanical energy is supjiliisl anil mechanical energy 
given out. the chief Cise of such machines lieing the 
alteration ot the conditionr of uliliaation of the 
energy, chiefly in reglU'd ^to speeil. 
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fn the vciiMtl cl.i-'S iU'r U' Ih‘ uM tiiiU’hirn* 

U)oI^. mm-liuifs. UiriKinj^ nmiluiMN. 

jjl'»ss*’s. ji<u\ri Jtiil njliri Mini |H(k*(ss 

;:t‘iirr.i)!y. 1 m llif oi tin- mn-lmM-- 
toti! all (uhich, inciilf ufnlU n jm.iv In- 

in rtIw.iVs MHTh.lliH'.ti .IMii hrXrf 

irj iiJi\ ulli'M liinni wliirli )•> '.nj'j»ii«il to flir 
iniU'IniH.’ ut till* Ills! iliuin;.' Nliah in ifklim' 

ihoi’o I', otily iiiio ilnxiiit; jniMiIi. <<! tiii\iii;.' <ii 

s t \\ln*M*lIn n- .ni‘ luo .n iiii'H - di i \ |h'|iiIh1, 
IstiisHipatctl III th»' v.inoMs paits tt| ili*- tii.ii’hiiii' .tinl 

at lliM MiKtiif.'/(I ilic to..i (tr tjioU It 

Is all. iioWovfi, <li‘<^M:nl*'(l and laais <■! M-'l ttilo IhmI. 

wliH'li |)assr> into tin* woiK. tii<*l oi tools niai-hiiM'. 
(‘lll|l^ %i linMin;'s. alnio^liin-n'. and IiiIh iraliiu; oi 

coohii^i aj^'oiil vxlM'in'vn jiii\ siicli !■> oiii|-|ov. d Tin* 

eniTtiV winch is coiisunicd oi d-'i^i-idi-d in llic actii.d 
l»ct;d-njtii()\iiio )u't)Cc^s at tin* ruiiin;: «-du‘*' oi cd;,M's 
of ihc icMjl oi tools finiiloyd IS con .Mined m o\ei- 
coiiiiii^ tile inli-nt;d oi inolccuiiu n-^i-.tanci' of tlii‘ 
inutai to tin- aclioii ol the slicann;.'. coinjiics.-iM.. 
twistiijo. iui<l Ih-ikIiii^' foic-cs which :u»' hiouoht to 
hear iijioinl in tin- lemoval ol ijic clnj^ or tuinin;.'. 
iind also in ov»-ic<tniinj' tin* liictional resistance 
whicJi occurs hciweeii the tin times or chins and 
the cutting' face or laces ol t)ie tool or tools, uml 
which IS due to the inducnce of the cutlint' forci* 
or for««8 which aie hioiieht to ojiciaic when the 
tool or tools enter the work. The ^vinatiniet of th*#- 
ener^^ which w sujijilieil to the machine is ilmsijialHi 
iti oveiroiniii}» the frictional resiHtance*^m tin? bear- 
iijjjs, giii(h*s. and gear liovc'*. 
from thufoiegoiiig it will rcjulily ohserved that 



lo TlJSTISli OP MACIIJNT, Toots 

the ciiw' (»f the s<*eoriil cIjwr of maehincfi—of which 
th(i machine-tool is lyplcal—is somewhat ditterenj 
from that of tin- lirst class. Iij flu* ease of the latter, 
the output of anv such machine can always he stat(Hl 
or rnCiisuiiMl in terms ati<l (nmntities si/jnlur to (hose 
of tfm input or enorj'V supplied to the machine, so 
that tin* economic value of the maehme ean easih 
he (h‘t<‘ynine(l by im-ans of experiment, this value 
la’ine in the form of an elliciene.\. Another mctliod 
of relerrinj^ to the e<^(jnt»mio value j)f ef*ri;i,in machine's 
whh'h lieloue to tins class is to stale it in terms* of 
the quantity of the substance from wluch iht; total 
ener;^y is derived (such as e<iid. steam, water. o;i,q^ 
oil, or petrol) per unit of out|iUt ener*;)', and, thoiijih 
i-he conditions undoi winch prime-movers ymierally 
work vary consideuihly. it has l>een louial passihh' 
to evolve stuiiilauls bv means of wbicb the ewnoimc 
values ol iiiacbiiies Iwloit'^in}' to this class can Iw 
deterinme-l and compared. 

The «}ase of the tiiachine-tool, however, is stane- 
what dttVcivnt, since its input is in the form of 
enerijy. whilst the outjail ma\ Iw* an) one of the ‘ 
following' 

(u) a volume or weijjht of metal: 

[h) a superticial area; 

^e) a nlirnla'r of machitu'd pieces. 

I’rom one point of view jUI thes<‘ outjmts «ccnr in 
ever)' cjis(?^ lyp'rtain civses, however, esjK'cially it 
connection with scientific investigations, the output 
(u) is«dmicb mor^ suitAhle than cither of the othure 
hi some, other cast's, thy output (hi is the quantity 
which is usually fttken, ttie^ cases covering fiaish- 
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lug cuts on larg<' puves ol wotL Kroin the |H)int 

view of nnlinarN eni'inorrinj:; wt ik^'liop pnicliee, 
the oiitpui ((') ']< ilic oui) om* that is i»f much 
significance, amt it is, theivfm-*'. the (Uie uhicli is 
usually empkneit in this connertion. so that the 
workshop oi l•elMlomic value ol a ntaeltme- 

toolisiletermineii luiiielN hy llu- total eost of miwhin- 
ing eucti pMK'c of woik (hme on it, TIiN^m’ihoii, 
however, uml imlml ,in\ nieihoil. «lois not cn.ihle 
stanclants to Ik* e\olve<l wlmielo the j>eitoimaiu*es 
of inachtrie-toolN which work undoi wule)\ dtll' iiuj,; 
comktsoiw amt }ieifoMn <!itlereui kimUoi woik eau 
tie compared. In all (•:»■>( s when-lehalil** compaja- 
live results are reipiiied. .is tar as po'.silih* the 
inachifflis should woik under id/*iiiiral ^•omlihol,♦* 
so that, even imwittingU. an advajila;je is not m\en 
to any one mactime. 

It maylx' slated lint tin* output of a inaelme* tool 
ami the nuudnne cost of pr<Mlucing tliai output d<‘- 
pimd upon a numiM'i of factors, of whieh the fol- 
lowing are ilu- most impoitaut and mlhientiMl (1) 
the inechanu«il efiicienev ot ih - meehamsm ol llie 
machiiii*; i2) ttie acciiraev ol fitting nf,i)n‘ ekmenis 
of the niccliaiiistn ; (df the airangemenl and uundN-r 
of tools in tisi- ; (•!) I, lie kind and foim of the Uxil f»i 
tools; to) the general design ami condhion of the 
machine and its winiponent parts ; (1)} ih« kind of 
inotal*which is btiing nvichincd ; (7) tluM-omhiimtion 
of cutting speed, feed of tool f»r wlifk, and depth *** 
cut; (H) the kind of machining ojKration which is 
being performed ; (9) the degi*(ip of fa^dl'ty of opera¬ 
tion of the various jairt^s at^d contmls of the inacliine; 
and (10) the use or alwencetof a luhricaling or cool- 
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intr nt'i'Ui. Aiijonu' tin- r)th»M' farlor-^ wliich an* in- 
ii)v tfi*' <-oM (»l isilKiur ainl tin- projiurtionat^i 
I'Mit luiii >lc|ir«>(*i;tti(in of iIk* inac'hin*' 

Now, piacOraliy aii th(* iin)nov«‘ni<‘nis that ha\»' 
Im-oh nia<lo in workslKHi jinicth''-. hotli m rotiJinl to 
Mio <►! pro'luclioii (oi tin- rai«* of doinit woik) anil 
ai‘«-ni;u;\ o( lini^h. willi a Mi-w lo the jtroduction ol 
a rhf-aiw' ami hMtci atliclo. hav«* nnl\ lnaai iimih* 
po'<s;})|f as ihi- iintro o) Ins'; (hu‘(;t irsuli ol f*\p('ti- 

in\t*stii:,ilions atn! ifciinia! tostiiu' in both 

• 

shops ami lahoialoii;--;. anil l•Vl•n to.il.i\. ll»on«»h a 
hiu'li ili'^niT i»f fthnifniw h;w Ih-i-h attaim*il,«M 
Uuiiiil mi'< ss,ii\ to coniiiino siu-!i invsiioat.ons aiui 
l.osis in ohIoi, amoiiL'st oihor tlun;;*;. to prnvmt rv- 
tjoi'iV';‘;ioii rioin thi‘<. ho\vt\rr. it must •’not ho 
mionoi! that in i’vm\ inaohino Uwil tuanufaclnrin*' 
\\o«k*J tli'M* is iusttilh'il a fn)ly-i(juippi'il tiNlino 
plant ami laliomioiy. llionj^'h this is proiialtly trui- 
I'l'iiomll) of till' hui’iT work'^. for thorn liavi* Ih'ou 
lUiiiiN inaohine-tool iiivosiinatioim matin innnivnisity 
and tnolmical-ooDone lahoraiorios and sliojis which 
have |m)ducn»l much informulion of distinct value to 
ihn dnsi^mni'*, constructors, aud opnnitors.ol machine 
t<«>is. and without such ktiowlndne ih(» uuprcwdcutcd 
progress whicli has been made would not have Ik*cu 
possible. , 

Machine-tool tests may In* divided into the follow- 
in|( classes:— 

1. Those tesw* which have as their object the 
checkin*: of iriachiniuK operations and the testing of 
the accumcy»of tlu^ com|)onent parts of machine' 
tools with a view to their*«oiToct fitting and ojHaa* 
tion. 



INTi{nl>rrTlo\ 

Mechanic,il-*-rtict«nk*v IonN. in wlncli ilx* 
jpS'.t's anti valnrn an- tl« i«'niiinrtl 

(‘mtni;; liiu--' Its nn'iins o! w [iu*li iln- 
which an- In-nii-^ht lo Ih-jit u|i*jn tin- cnttiii:: lacr- 
(»f th<* tiK»ls »^npln\fil iui‘ tlrji-tmiM'-l. 

•1. rowf-r-coiisumi-litm iiii>i th[.aiiM'im-:.T irs(< 

•V OutlMit UiJ'U, til winch llif iiiiipitl, acctMtiliiL; li> 
(Mlli'-r ol tlu'co (l<*Jinilinn-^ wlncli Ium* alM ;uJ\ 1». cn 
tilvcn. IS mined oi calijnlalcil, 

h. Capaliilil *oi culling «-l'lici<-nc\ m wlm-h 

llu*\ol'iinc of metal n-movt-.l is a ih i-imminutacior. 

7. car tests. Ill wl»i<*li till ma«-hine pail'' an 
tcstnl for wear rcsuhim^ horn iisc 

<S. ‘I’csis on cutllii;: looK of ihll'icnt Imm'^ .uni 
sizes, ^fllh a \K‘W to the ch'irimmafioii i.l ih'- most 
eflicient loims and the d rond which an- 
associated with the m ivimuin ciitrme <‘lhciimc\ 

Ih Tests to check designs, sneli as ^e-^ts to den-i 
mine wliat the speeil ai ratici‘menf s ot a machm*- tool 
acliiall) arc. 

10. Miscellaneous tests, sich a^ (h*- ijm-iIhxU of 
testinj( metals for ma'-hitJint; pioj»4TLies and hanhiess 
The alKA’tjclassCs can hudivuh^l mlo Unee e^.ni-ntl 
sections, as follows 

1. Shop tests, w’hich arc tests made to kw'p up^the 
standard of the machines so far as iIm; aeciiracv 
of parts atid the malonals of consituclion aie 
concerfied. 

2. (' mmiercial tests, wlmdi are nV^io fir less com-' 
paralive, havinj' as their immediate object the im¬ 
provement <)f output and the f^ijuTal eouditmus of 
opemtion, without rt‘s[ie(jt*to ain factor which is of 
a more or lc»s Hcieutilic nalim*. 
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3. St^ierjtific ii!ul laW.itory Wsts, iti which scicnti6c 
fttid s\sti'rnaiif attj’Hlion is frivim to tho !njw>y v^iriou^ 
as|M*clK of iii:ichitH‘-tool an<l euttinj^-iool o|H‘jation 
soul performance, lioth in re,;anl to power an«l ont- 
piit us well as I'lticienc) anti the natuw und rnaj'iii- 
tude of i1h‘ forces which art! associaUjd with cutting' 
action. Tin* ohject of these tests and exptainients 
is loMc^^iiiri* knowledge and infttrmaUon likely lo he 
of u.se to the desi^mer and user of rnacliine.lools, so 
that improvt'ineiils holh in thtur desff^ni and nsti can 
1 k‘ made. 



cif MTi;!: u 

TKS'IS (tN M U'lIlN'K ro(H. 1 M-.MKNTs KoU 
At’t i iJAfV. 

Tif K oltj<‘Ol of h-<tiH to <lft«Tniltir u Mri iH'i mr 
Viinoiis {rnttn (f flriiicnUot jh;icliiti*'.t'M»ls fmvf Ix'otj 
liufil* fimu.it‘'l\ uimI "11 lit uihI vvotlv l<io,.tlicr us to 
ptodt^ct' III llir opftutum of tin* 

niachiitC'i. lit other woid", to ih tniniiif ulH-tlirr 
llioy iire iiia'Ie sti tljui thr iniu-hiin' a-, u uliole is 
(upuidoiof tiiriiiii''out \Nork uliirfi isu'eurati' within 
ecrtiiin h|M-ci(ifd limits. Ii may Ik- sufrl) asMiiiM’d 
that no niae)iim*'iool- no mailer wfiai ific nutiue of 
its partieiilar work may l«- -i" uhln to piiH|n<-e work 
whieh IS more aeeiiiale than itvlf. 'I'feMi-toie. simat 
the ;!;t‘nural aecuiacy of a maehitu'-loo] is (iejM-mlent 
aiisolutely U|K)ii the aceuruey of its iMimponetit pints 
* or eleiiieiils, it follows that thi" latter aeeiiiuc) h the 

one to lio eoiisidereil. . 

< * * • 

Now, these accuracy tests are of two kinds, mimety, 

thosu in which the ile^O’ei’ of inaccuruey cannot Iwt 
stated as a quantity. and those in which the. erroT or 
departure from tfic truth can l>e so slated. The 
first kind of test is {lurciy ii qualitative test, and is 
only generally useful when the ^i^jusfWieiit of a 
part is possible. The other is strictly a quuntitativc 
teat, and as hucIi is far more valuahie and usefal than 
the former. • 

Of these two tests, the forjnerls gencrHilj, though 
. . ( 15 ; . . 
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iu»t <‘Xclusiv('l\. III oohiii'ctioh wiili tin* 

uf nm'iliiiM -totil |i:nis winch iin- in coiiim* of con* 
•^tniction, iiiitcluiiin^. or littin;:. ihc Inuct i-<, in ihc 
iniijuiityol CiiM'-'. tin' onl\ lest which i' :i}ipli»‘il in 
the c.wi «if thf hni''iic«l innchinc wilh’iill iIk? paits 
in ihcir colici’i j)liu‘c*<. 

ll.NMN'r larin 

I. Bed-levelling Tests. -The fnnciion ot Muh 

tc'its Is Id (h'fi'jniMic wIh'IIk’i ihc iniicliinc ii^ jiliici'il 
down on Its foiiinhiiion in ''indi ii }»(wiiion tlmt 
Its niiun clcincni. iianirlx ih*- i'cil. i'. in h pciiccth 
hon/onlal )>dsi 1 idi< oi not ; iinii. if not, in clici'k an\ 
.nijustrnciit <>1 its |iDsMion until tin- rcqiiio-ti |H>silion 
hiis Ix't'ii sccnreil. in sucli tc^ts it is the hectof tin* 
lathe which is walked on. ainl usiialit the top ol 
this. Tho tests tor stniiehiiittss and lev<>lness or 
phiiicness which aie made when ih • heil is heine 
scnvjK'd to shape aUo heh>ne to this class, them 
heine i\ close iMnmection hetween the two. 

SfnnI I.iurls. -One method (»t pi'ilonnine this 
test - jiikI the usual one in\olves the ^•mplo\ment 
of a spini level. Tke essential feature ol ^^pint level 
is a hermetically sealed ^lass vial of circular section 
and a more or h-ss cuived interior. This vial eon- 
lams spirik m whieh is trapped a hnhide of air. This 
huhhle, which has a density nmch less than that of 
the spirit, alwavs tends to rise to llus hii;hest part of 
4iio vial, which w*so arrantfed that when it is per¬ 
fectly horizontal its hig}n>st point and middle point 
(H^inciite. lulhis oa^* the hubiile occupies a position 
in the middle vd the vial vfbieh n plainlv indicated. 

Now, as is jierfiaps* not tiiMierally known, the 
imenial surface'of the vial is cunW in thv dirti^tion 
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of tint of llii‘ vi.vJ juul i( i-> to tin- Ioj> of thin 

’ swrfiUM* (lut till' 

l>uhhk* ol air al\\a\s f.- ' -“= '.-t'-- Tj 

iwndw. Ill ooiiiiarv \' - - -- -A 

, . • A 

pnicticr tills cuivu- 

turo wim-his |inif 

ticiilly <if a (MU'olar 

charaottT can li<* 

imparifil tt> tfi«- in- 

tcrn^v! 'surface (»f the \ml m ciiIut ol t\st) \mi\s. ihai 

i't, oithcr liy UMidijiu' Ihr tulM* liom wliu'h tin* \ml is 

liJiwif,•or hy iIh* ual iiUrn..ill_\ so as to 

make it baro*! s)m]M'(l theicin. Tin* two haniH ol \ial, 

nainol), tin* orouiHl and the Iviil ((.’'lus. an* repro- 

iif Ki;: 1, ih«- ;;round form In'iiti^ shown at A, 

and tin- U-nt U>\ ni at Ih 

In all hi; 4 !i-class .sjiinl levels it is tlie eioiind toirii 
of vial which is used, .since in tin* processot ^.'niuhne 
it is possible to sfunire a hiudier deon ** of aeiunucN 
ill regard to tlie curvature of the surface and also In 
rej^ard to tin* rcmdariiN of the mirlac‘<*. 

The via! is fixed in a fmine Ihuiii;' firndy emlteildnl 
in special etinent oi plaster. 'Wie nakirt* of the 
frame varies considerably, sncli mai«;nals as cast, 
iron, brass, aluminium, l»oxwoo<l, v \ m \\, and njjj- 
hoganv bciuj» in oonsiiUMalile \im*. Jn ipiy eas»t, 
however, whatever the nature of the fniiiie, the liase 
of the frame should be made of a fairly hj^rd ineia), 
and the frame its(*lf, when made Of* wo«l, firmly* 
* braced to prevent Imcklint'or iM-ndjng as the resnll ^ 
of changes of tomix'miure or pther nfcinoRpfioric 
comlitions. The relation between the vial and tlie 
base of the instrument is sucf^lhat the air buhbie or 
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irnl«\ is Mi tlic of tin* vial iUkhh th(‘ zoro 

mark whrn tin* ha*»r i-, (jujjr lt(»rizonl.il. con 

(liliof! N, (if in llir tcstin;; ol tlio level 

ilurnii; inanuiaclUM!. 

The oNi'iull leiitiihs ol ihe>..- I**vels V!U_\ fnnn alumi 
tNVoiiu:h(‘s to llnrlN inchcH, hut io) 0 ](liiuir\ nmeinne- 
tfKj) 1 «h 1 h'Velhii^, Ixilh lhe*<e leiii^Mlw iTe iinsiUi*>fiic- 
toiy, 51 inoie suituMe ran^ie exliiulini: lioin siMeeti 
inches U> Iweiily inches. 

WIhmi sjiin! leveK lia\e to lie used on slmit's or 
Olhei part*'of eiicular or curved seclion, it is lietlei 
it their Inezes are jiiovidid with vei-'d or Curved 
;;toove>, so lliat the Use) of iht' msirmneiit can place 
il on lie- shaft sind he tpiile sure tfial tin* axis ut liie 
lusirumenl is par.dlel to the axis of the <hiitL 

Some spint-]e\els an- e<piljijied with eioss vials 
lor transverse ustmjt. whilst others h«ive additional 
vi.ils for veitical lestuii;. In oiluu' (onus. :ni addi¬ 
tional \iai is mounted on a hm^^‘d oi pivoted arm 
wliich works over a ^naduated scale, tins hein^^ use- 
lul in cases wherein it ts d(*sired to set a part m a 
defimle anpdar position or to lest the uceuraev of 
such a jiosilion. 

Spirit-lcrci liraiiutttioHs.— 'Vhv vials ot spirit- 
It .els can he marked or frraduated in a varietv of 
wu\s. The two coiuinonest wa\s are to mark the 
vial or its frame at the middle of the air*huhhle 
when tin; 'nisi' of the instruunuit is ijuite liorizontal, 
and to mark the vial or its fmnn* at tin* two ends of 
the I'uhble when the same condition has been retilized. 
On sueh vials there are no jrraduations, and the levels 
which contain them can t>nly l>e usiHl for (juaiitative 
work, thou^di }his is alf that is required in the majority 
of cases. 
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<'ar'. Ih* inaikrt) nttl in at )(>ust fi>nr 
tUlirrmt \\a\'' TIu'm- an- ih m lrai tinn> ot an uirfi, 
<n n]il!Hnrtt<‘'' ; in (r.ii'lK>n'< nt a nnniiU'H. 

or “(vornls . m nu')n-'> ui li nMioiiK ni an nicli pta 

loot : ami 41 1 in innai \ oi \ iil;:ai tl.u■tl1•n■^ wit it ttiiit\ 

thn ntum-iaun in r\!-iy imm-. 

Vials wliich an* }4i.ulnal*-(l in the in>t Wii\ an* 
‘<nm‘ra![\ pinvi*!***! uitli ni.ukini:'' nr i'l.nln.it.oii" oJ 
fitlmi in. <M ni, «'i 1 millnm-iir. Mu-h .i '.\M*-in 
4»i t^iarkiiu n>ti.iil\ i:i\in;: nu inilicaiiun uf tin* \jiUif 
ul nacli ii\i-.uin m) hii a^ inrlinatH*n oj tin- lfv« I n 
conm-itud. lliiiiinh |)\ ni'aiis <»l a n it jh alwiu** 
P')*%*silih‘ In (l«‘lt rijiinr tills rnl.ilii'iishiji. 

V(-i\ sciisUivi* \ials win-n niailnalMl in thr srcoml 
way ii-afl in units of iwi* sf-mniU )(iui M-cMnds, 
wliiUi less sensitive niirs ica'I in niii- ininntc "i 
minnic iIimsiohs. jU nuMUs ot lIih s\ .t* m o| maik 
HI;: tin actual ini'linalion <il a plane suilan* can Im- 
reml iitl «iu»'c!|\. 

'i'hethiid t'liin nt n|,i,iiiati(in also s tlu'actual 
^iiielination. Init in this ea-n n is irpM-sontnl h\ tin* 
rise ot ifie nielineil plane pei I'not len;^lli of llie Iwim* 
of the plane# In othei wmds, it Jives a*(liinensioii 
which i-s pioportional to the lan^reni of the an^de ol 
inclination In tlie inettic svstern of ineasiiretmiM, 
the coircsponilin;^ form of ;.T;Mluiii.inn w iiMlIiinetres 
jKJi' ileciinetre or per mein*. 

The liinury or vul^'itr fraction wfncli is the htisis of 
the fourth nietluMi ol orailiiat.nn is reaRy e.«pial to the 
tan^^^int of iho angle of inchnation ^iih unity a^ tin 
numerator. 

JifJatiojiH hdunn Sjirttl’lrrel^ (iraJuahous .— 
U*l / = the lt*n^,ah of each {Jnwluation of tin* first 
form measured in, sa\, inches; li-- the ludius of 
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rMirvHtur*-. in U't'i, nf ihr npjn i inU*nm1 Kurfuci‘ of 
iIm' VI i] l.i'y h}io\m» m Kii» '2 }; ;in»l tin* incliniilioM 
of l)i«' <>{ tih- Imi- 1 ioi|iiin‘«) lo v.-iiw the iiii- 

Irnfihi* i»r iinL-' lhn)ii;.'lM>tU'ili\nioii of th« 
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vial. Tiu li, if wv ii-vHUUM* that iho / U inoasurctJ 
un tbo oiroiilai '*uift»c«'. wo haw {hai-- 

piy. f* nti i-aUiansj . (3j 

2M>‘.i / 

y, ft un rnirmh'S) . (3^ 

and —jj— jiii m^contU) , . (4) 
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If tM- U*<S«IIM‘ thul tilt* itllliCll'HliMi f 1> it ltti«' 

t l:u>u'<'ntiitl or t'lioni.ti . Me 
art' (« >'• 

tHilih.triiv -.lu.ti! 

I<«'t . Ml*’ \.ll<ir .i.rut'l',’ '• t«' Mii 

ihwii '.f <1 aj1iii^ !h r ••h* •• .n .i*m.' loii <•! 

ui> nu lj }H I fijtn Tli' i. 

i 

ij 

^ » I Its IA 1: iiei |i( e' u MiU 'hi 

tj, .>'nl (.'»! autl M'l. \M tiini 

Mm? . 

' j, j*i u*Ihm!!\ 7 1 

'*'■'1 I.wi It (•', 


Mlii j , jj|. ■lisii fi|ll;ti ;r> tli*t liiM.tl \ 

or vulj'.ll \sttit'll M j»n*si tlS ’ll'- fu' 1 Ml --t -N JO 

01 lilVldlllL* .tll'i iri.l! kilfl.', tllil! it \\r ifl ^ n [iM'St 111 

this fr.uMjol! \si* havf ih.i’ 


I 

U IJ/; 


from which w*- ilfnvf 


this r*•^\lun!•^h!(• 

!:»/; 


iM) 


n IxMji*' inv}iri:ihlj a hup* ioi»-i:cr. 

TIih iknjfh'f/iwluttcvn mnt jt i*. lU) 

Ilf ilcliiiHl un lli4' Hn^!uUr vtiiiic of'wicfi thvi-*joi» oj 
gtuiiimlioii of th*' l»'Vc). the »hm«'tisiori i u-> the sh»}Mj 
or inclination value of each division, areh^he filu tmn 
1 • 
ai the tan^jeni vaiue r»{ ih** -‘itn*!. 

H 
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lh*‘ j«>siMnr! (»f it til till* ^^ilJ v.u\ witli any 

V.4liilll-»M Hi l)f ol iht' }»,isr tfsiwrl l(^ 

th»' hox In njif* fnl Mi uf this jn-*! MJIlti'fi! thf 

mnOon <»f till i* !i iff'tmr* il 

t<X)l}jr <I \\}j<-«-iK tn .1 iM-f'llf Ol 

\s Ijidt VMM ks .i; t-i .1 dial "1 In jM-l.i'Uion • 

uf tii'- tlia' ‘"III In* in d'“! ,t < I r. itn-n. ijj'dn**' 

}M‘i i»f '' M-liot:- <'f afi t! <di jn ' nifli. 

u'I ■ a •.(nil !cu-l 

whu-ii \\*»tk' «‘n ih'- |"'i!duhjnj h i*. tin 

\liu*JM'ai5 I •.){>' cl. a’.d vsa'* m .c.iiiv d 

fct lliM t‘inir.'-'1 till tU .i!:d \\ i\'• cf uticdc; niji- 

I'hitUM Imi t S“i afal 

It (• 111, h>'n»-\‘-i. 1“’ u>i*d in I»d ’i II« !• \« !!‘i,, n 
I n ihiH iM'.uuiii* n: tin j•r••d i,.xm l»,>)i «iii -i In ‘ff a 

lead VVel;:ht V\e'u'flM.,4 -"'U' lI'U. a\. r I d U jK .w, J j|> 

'iU|'j»Mind at lla- end “! a i| titi-vt,f I 

jmimi w ite.d ,v l*-iurli ul f’ Th. 

thill i-> n vied i.i .i )■ n^ piV' I'l nc«- ii- \\ hi‘-h 

mines ever a Jiiaditanal -("lie, Ih- t»‘'a; ’JiaeM.t (MfnJi 
(nliioti la'iiisisj-x of in«. disi.nel pails* !».• i':4 ui tin* 

IU*l;illth)U!)l'.Hh| iif tim* s I'lie define (>* srllsllm-- 
ncHsof tl*is ins’viunun! n ot ;h« .ndei m , 

tlul w, dimensiiinal and sutfae*’ vatia'ams of this 
innj'iutude can tie diseini-red hy tin n^e of th.-* lu- 
htnTtneni. l-’orthe deterniinatjeiu)! tians\ej-«- v.ina* 
lu»nH a aia'orid needle is |ui»v:ded, tin inaLMulvint' 
imwerof this heiin; of th*- older of I't.i tune.., and the 
de^’ree of sdiisiiuem.*ss e»|ual Jo tint of tlie other 
fits'dle. The |Miiidiihiin Hiipjvoitini.; \sn» jy I'neased in 
a mast of ?iertinies<? steel tulHne. wfnist tin* needles 
(which ai’i* iniwh* fiosn thi*) uiunnrmiuu ^h(.^Hl are 
p!\Hei*t«i from ihe ititiueric^- of air enin'ids I»y Ixdng 
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‘A TKSTIN'f ttr MAfliLNK TtWH.H 

hfi*% U) In* iHJ’il a« a |wini!l«l «trip, pn'fcri’nct’ nhould 
b(! Ktv<*ri {o lh*‘ ^i«ni A. 

Id lo iIm? t}aiis\<'is<* tfSlifii; of ImhIs pioviilct! 
with Misyl irivil'd wn wavK. it should Im* iioUmI 
tl»at, unh’S', Oir-if ui'r tw«j v«‘fs til pr*‘<;isfi\ th** saino 
or uiih'Ss a <‘oiii|HintMl n rtiip)o,\o<). a 

diilic:ult> tiuiv Im- ( Tl»is oari, )if»\v<*v«'r. 

UHUatiikjH' (jvi'M'onui hy making’ um* of :t packing* 



..x:,...,;.. 


Kh. A. l.ni lltiiit I, ,{ 

Strip or SMUiIl^pjiralltJ htnp at tlu* wun*- ht^^hl iis tlu' 
vw to n*Ht tho lc\rl on. 

A rathtT unusual nn‘ihfHl of tostin;; a latJioUsl for 
jjononil hori/oiitality is indican-d diaui'iunnmtically in 
titf. o. In this UHf is luadf of tho phvsica) 
fact that the Irvol of still wator is always hon/ontal 
T|,.. WIIUT IS Cijiit»incil ill a Imu;, (tiirly shallow 
veasiil T - siioh as. for cxumiilc, a l(‘ii!;;lli of channel iron 
proviJiSl wiih fiiils." pus vossol is sii|i|iortoii in some 
cunvKiiioiit manner. thoni;h>tli(;n> is no riwd to set it 
in an cximtly horisonUl .jKwition. The (Kisition of 




TKKTS ON’ MiCHIMMont, in.l.MlATs A 


tho visjM’I with riN|^'ct to tlu* U'd <»l tlir luiiir is. us 
•is indicatrd in the ti^uiv. appuAiniati K pandit*!. 
On the IkmI of iho liUhr (whu'h w It iii-u’d |5 m tin- 
rii^un*) a plane stirfat'e pialr, P. >*• unt'd, tht- plate 
tunte<l over sf> that it on tin* !«• I \Mih its 
plane aurfaee on ifit* nn(ier*>;ilf. hon/tuilal aim 
in attifcclHHi tin* platf, thiN arm ean\ni;;a sunpio 
inici'us(’ 0 }H', M, o! iiu'dinm {Kiwei. Tie (‘ol- 

Immtion of tin* inicnHoop*’ that i-.. lli*’avi". of Um- 

IuIh* of the inieroseoi.t' -.honid iin.uiwad as 

• ' 

iu?ar!y \**ilieal as f>os>ili|f 

III llie ti'st. when the plate 1' is at one e'ni of tlie 
ImmI, the ulieio<et)pe Is attjUstfd iiniii the sjufaee of 
the waUT is hrou::lii into touus. Tlu- pi in* is then 
move# alonjJ the l>*al <)f the lalln- tti tli»' end. 

If the suiface tif the water is stdi in loeu*' th** sinlaee 
of the Im'iI ts ^eneniilv hoii/onla). It no!, tlem tlx* 
•listanct* thron^ili whn;li lie- toUim.iioi luia of the 
niicrosctipe has tf he lawsl oi Itiweml in tndei It* 
linin' ll»*‘ suifaee ol the watet into ftieiis aeain n pie- 
SenU the ddh-ielute in l*‘\el h< tvvi eti ih*' eijtis of Lh«! 
htni. Dniinardv. iKiW'Vei, tins dim*nsii.>ti is of m; 
value wh:\^e\ci. sO lliat tl.e st iyri;, of ^le mieihseojK* 
is not alter«?d hut, insiettl t)i this, th*' end ol the Im-cI 
is raised oi loweied, which*’Ver is re^pnietl. until iht* 
surface of the waU i is a^iun hittu^dit into focuw. 
This method U a reltahle one. hut ii i~ not as easy to 
apply a.s tlie spirit level im thod. 

Ixicat bcd*levellm^ tests aie onl^ uukli! duimg^hc 
process of construction and erection of a lathe ; tliey 
are practically ucver made >dien Iht^ lathe is fully 
ecjoipped and ready for service. These teats can be 
divided into two ciasaes. nanfelv. thom^ which are 



i) 




iltirin^' the of Iinwhii»K the IhhI eiiht'r 

by 'M'tHpni;' or ^niuliotr, and those whirh are made# 
oil Um- htH'.hed fa-d as a tiiml eheek , and ttiou^^h 
both are desirable thcrM are inaebirie too! inanufaciur' 
in^ wotk't in \shi<d) thi* first at lea'll w nut applieil, 
t)i« M’ra|mi;^ h<*in{; tlone without ihi* aid of any f»aui:o 
and unphrit ('ontitieiHre plau(‘d in th*'^work of the 
phinin^^tr milling tiiaehiiie, Thia latter pniutioe ia 
not, bowev«’r, wry saiisfacloi). smeo it H^iractioallv 
ini)><Hsihie lu machine on thr pl.iimi;,' ortniihnk' uijt- 
rhiiie l.mx' paM!l»*l siiifac*-« stithcicnilv aiauiralc for 
fitlini; wjthoiu an) onccuon. 






I '* ('» a iTiii' -tr.ni l.i 


Suil.iccs winch have to !«• hon/onla} air te-.u-tl 
for loi’iil mull ii\ im-iiiis of It |il.iin> siirfiii'C |il,tU'. till' 
Ix'iiit' mil otfi till' surfiiirs inore or loss li(>lith, llio 
liKiiiti.rii of lii^li itiiil ^Imril |il;ii-os litiiig iinjiiMittl In 
tho line of it iii.iikiiit; of nsl li iid or Vi iiftimi ii'd tiu- 
iween llm two siirfitres. Iu fertaiii cjtses. also, tlio 
tiouShil flitliu'ss of llu' surfiii'o ia|iitri I'tiiirelv from 
t^iiicnil lioiizontiiliit I can ha lesioti In iiioaus of a 
straiK'lil-Btltfc. one form of wliiah has aireialy lieon 
dosoriliod. .tnotijer and suiiorior form for this kind 
of work IS ti!|ire.n'iit(!d in I’lg, ti. This is a tlraighl- 
tslgo, which is^ inadi‘ of hna.grainotl ca.st iron, and 
has a test surfatte rather thwi a lest edge. This sur¬ 
face IS skiwii itl S in ^he figure. The liaek of the in- 




■Htrunu nt iscnnc'l niarrof Irss purulK)!H‘.Mll\ »h onli r 
40 »)i thf •lj-*loriin;: nf iis 

WlM^hl »»t» ihr U‘''t ‘Ml lurk JIM* 4Mst 

two lut’*' \ N "illi I'Uiu* "urlfiro-*. I < 111^: unimI to 
slipj»orl th- “U llu’lu ‘'L'O \s!i«*u »t W l:nl in IlM- Oil 

HOiiM* oIl!'*-•"* hn:'« iif 1‘) K.ml wik") fnnt 

Tho blink •‘tJ.li'.'hl is Ih lb-- foiin ol 11 

whu-ii iHr.>uM»rio<l l - tb*- fhi.i-'n > b\ wk''‘b ol 
.1 rnas-'iiiibb' tlnrktn*-''', liii-* \\nl« lu ni}^ ^iillnnnfl l*v a 





miniber of itoss nb«. uu foimly l?oni mtl to 

en«l of th'* striu;.’bl »‘fl|»»*. Jkjtwri’n no!iv<*ciitivl'nf^lrft 
the well i*inentie<l to rriluno its w»*i^ht Viihont iin- 
imiriiitf its irsistin^ pow« ! 

Kor the lestwii' of veitniil ainl.nwtlfiurfj snrfares 
and cofnl'iiialioijs of ibuHi* and hofi//>ntal suffa^'a it 
N usually found noceasary to uwf'a k|)^('iuI irHlih;; jttt 
or huilt^np or forme<l siiifacr* plat** 

111 I'V' 7 ihhIjowh tho f»»rin of such a jdatn for 





A2 TKKTIX^i OP MAf'niN'K TOOT.S 

»nd clH‘fkiiit; th<t truth of the four vurticttl 
giiitlf fttiJCH of an onlinary Ihiglish hitht' Ik**!, f)OtK 
witli roHjteet to r*iu*h othor for ]>arall(;h«in and with 
nsHjXHjt to the horizontal Buifiu*i*H. Jlconaisisof a 
plat*' A. th<‘ h‘ny:th ol which U apjuoximatt'ly equal 
to ihr Hwin*' of the latlie or. May, twijrf* tite height of 
iheconiresof the lailie itl)Ovu the n|»|H‘r surface of the 
btxl. U!o the un<lcrs»l<* of this plate are iittaclwHl 
threw* blocks, 1«, and I>. the surfaces of which ate 
earefull) inaehined and scrapnl ho iliat the blocks 
are exact n'Clangular prisiiiH, with ta<Ts parallel to 
and at n^ht anizlrs to one anothm. Tin- hlo(‘k»ii is 
hxed iKUHianeiitly to the ]>late A in a ie(?essat the 
front as show n. the under surtace of the plah and the 
vertical fair of the block beiny; iiornial to one another. 
With this block only in |Kwiii»»n the trmli of the front 
verliiai) face is Usted aiul checked Tin* liaek hlewk 
C is then atUu'hed to the plate, its }SKition on tho 
platt*, and with rcsfiect to \. i‘\acli\ del^ riutned 
h) the nicans Khown. k’niully. the block !> Is at* 
tachis], and the innide faiws of the shears of the U*d 
scraped until this block cun l>e inserted lietwt^n the 
two shears at^d the whole plate ioovihI atung the bed 
wiUi ease, but not ac(!on)))auitHl by slackness at all. 
In ulaceof one middle hlouk, Bornelimes two arc ein* 
ployed* the isMttions of lluts^ lietng adjusUnl one at 
a lime. 

When tlm^plaU‘ can 1 m' easily ainl stcidtly pushed 
OQ the hod with all the blocks in their final fiositioiiB* 
it may lx* rightly assuniml that all tho icst(*d surfaces 
are parallel kwone an^^thor. 

A jig or gauge for checling the truth of under* 
side horizontal surfaces is shown in Fig. K, which is 
6olf*««xp)auator)'.* » 
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For thi» Wtint' of *»nrfant>s whioh rtr» roiDitituniltM) 


of^ori/>otitA} utxi DH-tioiH] 
fiWK'S, AH in tlx* of 

tho <.f ih'* oi-ilinurv 
Afnonrsin l.itli**, a oi 

tOHt ilAiip- of llx- litini 
Hhowri 10 I’l^. !» >s rni. 

AiioOh I iii(")i(x!of 0's(. 
in^ Oil* ^uifac'- oNhf )it«} 
of a Tatlx' foi I«n'il urnn 
ac\ m t ) Httnc-s 

aiut 



thi* IIS'* of .i loti*,' wnt'iol Ki.. h. I.ith.-U-.| t.oiu,,* 


uniform dia'ii' loiy 


undur Iw .. Tho w.io us‘<l -honli! Is* onlmarv 



Flo. 9. —T^sttin}! plittc for Ainfi^nintbi; 


Hue 8be(»i piano wiro. TUia should bn BtrotchiHl 
abore the top of the )i«d and between Uie two codib 

a 




‘ M-l Ti;sTiN*i OK vv( him: tools 

This fjih <ion(' l»y •frurint; a siioiij; phuf to each 
chil ot’ fli<- and fill in;* to »‘ar!i an adjnstablo 
Ill thr fVi* of \\hn‘h ihr win* is 
fasl'Micd. Th<- fi-nsion in lb* \\ni- van limn bv 
ihIiu-OmI tjuito imhjIx b\ riman^ of ih- nni'^ on llin 
ihaul<sn! llu'lailtn It shouM 1) • inl)ii-tril ho that 
ail tim “St;; t.ik‘*n <iiitof lli** win- 

tin* tvs*, llir {Htsilion of ih*’ wirv will ir^jarl 
lo tho loji of th*- ih'd !» inifiali\ adjuslvd 
until thi* uio- K jKU-.ill*‘f lollm 

i*>p of til' I>m 1 Tills ‘'ijtiiliiioit <• in Im' 
tlirouoli till' rnriiinin (j| ’‘oni'* 
loMii i»I In nioini'ti'j- scm xx xi’jiiinr 
Ui'U'' (ph‘f»'il.l\ t'!.- f'>i>u''r,i Th*' 
ins)>l*‘ Joiin I)! in ri.iiii--*i-i sri^w 
I O-jilfM'ht'al IM I'l,' |0 Iv jiInfi.iliK III 

til!" V(>ni|«‘C‘lOfi s,J|« MOI 1,1 aM\ otli T 

torin. fhoimti It is lo oiii iin 

s ll<Sl.u*’ol \ I r>»uh^ XS it ll ill*' 'Is*- ol Ijvi^^ll! 
and dt‘|»th s ot ila MiuMfnnoli-r 

s4n-’\x l\j)o Tills insiMinoMit !> j»jar*Hl 
U-twoon l)i*' l«i*d and tia- win* sliown 
at A ill Ti;' ll> and aljusti-d until its 
^•tld> ao- jiist in iMiitavt with tlu'sv. Ii 
IS tlani nniiov.'d l4> tin* (*ihor i*n.l of Uu* 
Imd fas at Jt m llu; sann' fjijtjii-} and its 
r»‘!ulintt ili'*ri* notfd. It tin* roaditius for 

r«.. I". Ill 

m«K niicru Uh' two I'lids roincidc. tin* win* is jjnnor* 
(miallvl to till* surfav^* of tin* [it’d ; if 
th«*v »r»* d tie rent ihv d)S)X)suion of,, 
ihv wire is alter d by ailjusiinent at one «»iid until 
the) aijr^s*. For *lbe testing' of the IkmI for local 
flatness, the g<iut.e is U'-rfsl at <lilT“it?ni placea alonf; 




rrs'ls ns M VUMSJ ’inlil. II.IMIS'ls X} 


lh»* nf th* l*' <i lh»‘ fiCf** ih-’ 

jn; p U’tioMH :Hitl IM«' I* .l lirsi.''' 

U’jik'\\ h j. vr* if’*««',ir ’'lifli'it'ri-i > i*M' 
is l.-vX'. uii' ' tit •*''u 1{\ 

lit!- itt'-.i; > ’ !’ t v! ;l;i h d I'l It.-1. s:t-1 

\ s!l;;‘ t tl’ >< 1.1 (• iH.ill -Vt ,n • f l;| 

.iiiti «i'u itMlv*’-' iIm t'1 If 

III'Is! I rfilti»,ijt •- !lii‘ ,>f a ih 

l»n.'/ I, oi • 1< t •»:«-li U-ii <(t s t'l.t;-: .iplMi.i::!-. If. 

Ill- t'l-* ih'- *' >*" It.' \M)' . - I'.-.'.i llt'fl f«\ •>! 

WIRE 





I t’. I i !m i l> II ri.' It -t !fi\ ),vi» 1 • hij< .‘III 

• • 

libi'f nj \\M^}nit tUs'l Ii'inIh's (l•.||l 

lll»‘ Iwtl, ii'il 11 I-lo t*ii‘ nl !){♦■ jKil»'W»f Ji 

\ <»f til \ in I f il.niciit f*-il' Th'-(jifi«i piilt-fj" 
th-- hiitltts I-. roiHiCi'l* <1 I" iht r tn hii//ft. 

i\hirli nt tuns !•> i< .ill) count clfi to Iht' 

inicroiiu’lor ;.Mujdjc I'ln- imnontcifr vvhicft^ 

• kIkuiIiI prcfci.'ihK 1«- ptoviti‘-ii with u pciftcih 

flnt Iww-, is iut.»\<'t| h<-lWccti th** 1 m <1 Hhtl the 

wilf, ulwASs ;ii foul.wt ffinii'T. setting 

the initialls to give the rcluling (»f the two 
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cmds, anil ri'diicinc ihia by, xaj. O'OflOl in. an as 
to ki’i,'|i lh« rcci'iviT l ircuit o|K-n wbi;n tb« EaUEi*, is 
at iMthi'i cnil. it Is nliviitus that, a.s ibc gatiKit is 
inovrd alonn Isawi-i'ii thi’ liisl and thf win>. tbit 
cirittiii Milt otiU Is* closi'd and ttii> signal given wbon 
a bigli |)l;iii‘ In the stiifaw nf tlie bed is leiuibid. 
Ttiis a|>|iaraliis eiiibles vaiiatiiins nf the nrdcr of 
O'tHIlM in tn 1 m' leadilv detn’tisl. 

liiiea) iimceuraeaes in the level of latlie linis can 
also be dideeled by means of tlie {s’llduIameUT whieh 
has Ih'Cii ali'i'ady descfils d ; in faot, it was for woik 
of a kindrisi nature that tliis preeisioii iiistriiuient was 
originalK designed. 

d. Headstock Tests.— The degroe of aeouracy 
with whiuh sliK’k is maehined in the lathe ihponds to 
no slight extent iilKin tin' degree of e.xiielitiide which 
is enilsxlied in th« oonstnielioii and ericiion of the 
two headalocks. Hence, it is necessary to test the 
various jiarts of these, loth during the erection or 
fitting process and upon their completion. 

Meanurtiiii anti hitlicalhi'j InitnimtnU .—In con¬ 
nection with such U'sts I'ocoursi' has to lie had to 
indicating,and uivasuring instrument, by means 
of which uccentrieitios, ohliipiitie.s, and rectilineal 
dilferenres can Ije detcrminisl, or at least discovered, 
Tiioiigli in eonnnclion with the final sot of tests it is 
generally dwirahli- to Is- able to state the observed 
errors as definite gnantities. These instruments can 
lie divided into three classes, these lieing as follows:— 
(a) Measuring instruments working on the mi- < 
oromeier screw gauge or vernier prbciple; 
{h) Non-measariog.hidicatiog instruments; and 
(c) Measuring indicating instruments. 



n:sT8 OK \f.\riuKr-TOot, ki^kmi-sts ,17 


Tilt' ftirm of init'rotnt'it^r wrow 
KMKe whit'h is il»o uu^-t lr»'i|U»‘ntly t'liijilovfd is tW 
plain microti), ii^r hciiil, us illu'^tnOfil m Tti: 12 
This eoii'^iHts of u Ihu • 0 

rti, K t>ii which ft 

$cftl» is 
nmrktHl tuit Uj jinwl 
ill the Kiii'Hsh 

of mtUlKUM'lUi'llt. Ill 

fortieths of iiu i?jih, 
or. in thtt inline 
Bj'fttttiii'of nifuauiv- 
tnciil, in miKinir'tit'S 
or huK niilhiticlrcH. 
l)n the^nurifl the 

thimble or glfs*\T, T, wt)rks, the connct ijoii U'lwt'on 


I’l'. ll! 


MjfiiHiu-n-i f 
h«'HiL 


the tarn:! mid ihi' thiiiilile iM-iiiir mi uccumiiily iiilflied 
screw and mit. In nnlinan- Kinjlish iim roineU rs 
the pitch of this screw and uiil is « f^rtiMlh of an 
inch and coincides with the iiiiu ol the longitudinal 
scale on the lairrel. Attached to the tlmiihle is the 
spindle, S, the outward or inward movement of which 
is determined hy the amount of rotation oi ^■■volution 
of the thimble round the Uirrel. 1 jich compleU' turn 
of the thimhle corrus]X)nds to a lont'itndinal or axial__ 
movement rd the spindle of a fortieth of an inch or 
Odlftri in., so that each of the twenty-five ciicular 
divisions of the thimble corrvs|K>iids to a thousandth 
Ol an inch tuuvemenl of the outer end of the. 
*apindle. 

With some instruments it is pnt^sibic toread or test 
to a ten thousandth part of*an inch by means of a 
vernier scale wiiich is provided on the barrel. The 



TivrrN>; 

wlnrh lh»* usr of \< itidi- 

ill ifif U-lott llh* dTHwiu*: of the 

'I fn* voMiM'i sral»- hiu-' ai*' ai hihpil )»:unllt'l to tin* axis 
of ihi* mstniim-iit. and aie rl< \fii in iKituiaT. thos** 
ojiclosiiu' U'h O'j'i.il or divisions, wh'rli lo- 

}'nlfiri an*'si’ml to liiin* «fiViMini*> 0» (4i;»ilu.itiui!S of 
ihn llmniiln simIo. liacfi NiOrntT ^livKUtii i«. tlius 
oi{imi in iiiamiitndo to n!nc toni)i'> of a thiriiiiU* 
(livHion. winch irprosonis imhH in. so tiiat the 
ilitTi-rencr hot worn a ihiinidr (ljvi'*i<>n and a winirr 
division M'lnrM'hls a inovrinrnl ol llir s|iii.dii' of one* 
truth of (tIHlJ in. 1)1 OiHi'ii in ’I’hr ihiibU'I oI 

l(*n-i(M>n>anililn> of .in incfi ahovr tfn* tMiini>i<' iradnio 
IS inditMird h\ tiir nniiih'I ot liir vrinn-i m.n t% winch 
ixmocmIcs with a thimlilr inaik, In iln*’ca->.c il¬ 
lustrated ih H i.inniH'i lx (• 

Till' rnh-tonK‘i' i iiead is uxuailv t'litrd in an aim 
or adjUstahle |iaif wlieii 'ii actual ti'C 

t )lin r forms i*| iin* niicronicUM screw aic 

also u-cd as. lor l•\a^tj)’c. the oidinan micioincU'i 
-‘Clew c.iiioc, furcxtcinal lucasuieinents. and the in- 
sido k’auoe, lail. roncraliv, llu'se woik on the jumc5|'Ic 
liescnlM’d .'i»ove. 

.V'-M-mrui.iroM /rrW.mh'/s. - Ti>csc itixirunicnis 
^sonicliines ealUnf “ wiijclvrs ') do not admit of the 
actual tneisureincnt. of ermrs. t!)(iui;h the) cnalile liie 
prcsfiiCi-(>f cirois to lauh'lectcil They usually work 
on the |iiitu-i{>ie of nuirnihcalton. the op('miiuii of 
which eaus«» the nKnetinaii of the iniiicatini.Mleinciit 
to lat vcral—-in ‘ome wiws, nuity -times us jjiear 

as the aelral orroi^ whether tins Ik* one of ctavnti iciiy 
or ohl »|uity. As instruments for Use in pnets on 
UMiu^f lhe\ art* piuclunliv wotthh ss exis jU in those 



TIsTsiiN mm I1I\1 -Klt'l, III MINIS Uil 

CUM’s Mhtl'tMIl uhi\ ijtlllllt.ilUl' (I'sulls III) till' Jiti) 
l».S.iS Ilf 

liH’ Irij'nn’il 

Out* finjn of Ninrh .tti ui'tiusu“til n'l'P'-M-nlo*! ui 
l’'isi tl.lH lici.lr, T n‘j>l- -'‘h's ihiM«-i' jntU'o 

oiupposi-tl I,, ilf 1 in si-i'ti,.ni. I. ii;*- hoi.in of 

tin* \ tht Ui.luMt.'l ‘♦|nn.jli\ .Unl I'i1h jj. 

• |.nniiM Th*- ■'p.iuil*- \ j- vn iuf*«l 

ill th»^ p.iH i>, which in Mini ih tnoir.to I iti (in {»,ui 



1 Is I i. {.ioiimi ti'.ti iiu 1- till.. :< t 


t «*o ihil It «.in roi.nc (jf!\ on .i h*Hi/,ojiti) hn.s 
(' is iiKiunt^Ml on 1>, aici hiii -i iivM of to 

taluin. Tlic ]KiiN i>, .tn>i 1' (hu'< loiiii a nioiilx j 
un»V“!'i;il joinl. Th*-spiiuili* A is mo aii.int'cl m |'> 
linu ihi: ijOtiilHiKHi icnu'tii of th«- s)}sij>Ih‘ .iml poiftii'i 
on the on** huJi- is snvoial tinn's, vi\ :f(j or -lO liini's, 
UH as till' lotiL'th of tin- Hjiimilc on (ho oth* i sido 
Any niovoroi'ijl of liu* •nIioi'v par. ilu«* to ^.inatiorm in 
thosurfiic or n olion of lln* ti si pn cr is thcrofoir 
mugnilit‘il '20 or .iO tituos liuiinotto ir^tisuiM^ion to 
tin* olid of the IV - 

h HhouiO l*c oliv'i voil that lii<‘ I’ iH iijsfiU'4 
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in thi; vpindla and rrmovablo thareirom when, for 
any nuiwm wliatfvpr. it ia found ncct-nsury to alfor 
the di'Ko-o of niii)'nifioatinn. 

In I'Ik. 11 m shiiwii aiunlicr for in of nou-moaKiiring 
indicator. In thi'i ciisn a i>|u'iiig A i« iiinuutod on 
till' liaw (’, tile end of this s(v|■nl^ acting as the in¬ 
dicating ni'cilln and moving in front of an iingnMluatcd 



Fix. U.—Anotbf'r form of lum irn'tiMunni; U'M imlirjitor. 


fanilt. AVith this form of iudicaiing lui'chaniiun it 
is not |) 0 aalhl<‘, however, to ohtain even a moderate 
degree of niagniliuation. 

An improvised form of nuu-tneasuring indicator 
is illustrated in Fig. lo. It consists of an ordinary 
unjointed 12-inch laeel rule. This (represented at 8} 
is employed in conjuActiou, with a sharii-edged bar 
or turning tool, T. With the latter secured rigidly 
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Id thi* t4H)l or tin* i«h- is plftctnl »s 

jihown in thi* fij'iirt. »n4 lh«< nult x is thon 

proHMti h^hlly im the ru!i* at ili<' pluo' niarktt) A, 

Tbo exHtnl h\ iIm- i kup^. ili«- mb* 

down on th.' (nU'*’ o! th>' tix)) and up a;'.tin«*l thr anr 
(aco of Un* i^t i»u. 'riv imt- (»f roniin't 
the hkr or to and ih- i id*- h tin axw ahont which 
any iin)V**iiicnts of tin* mli* «iui* to tin* m'l-nlncily 
or uncvtomcHs ipf tip* ■iurliwr e>f iIp* tt-sl Iwr (K’CUi 



If the rule he plant'd in contact with tlm test i»ar at 
iu extr^ino end as shown, then theih'^rri>o of ina^ni' 
fksation \* simply the ratio of the two Icnt^hs of the 
rule. 

One form of c^Mitm test indic^itor cuttMists of a ro^ 
or spiodie of slfsd proridtsl with conical (adtiU at 
the two ends. <Jne end is inwwt<sl for !«»»(• distance 
in a uieial ring and diaiiiHtricaliv opposite to a needle 
or pointer. The inner end of the spindle is plitced 



TI.s'l I\|. or M.\< HINK 


12 

m H ''iiiji!! i‘« nil*' Jt'il*' in a strij* of su*rl Hxetl 

in a liolil' I. 

-- TIu’Hi- m«»tius 
us wall \\liic}i we havt- jus| clnilt. u-uall\ 
inn1''i l)i*- u'- inTic «lt'M‘n{*tKiii nl '• U‘M indiratols 
Thi'sr* IMP l»i‘ nsn*l 111 conn* rliori \\i(h jim-cisiuM v\<'ik 
of ihr iii^lif>l t\p'-. llion^jh tin-of s«‘tisHiVr. 
ii'-ss VHti'‘s f.iiih cofiMiU'iuhlv, raiit'iii^ a- it iKu-s 
troin (l-OlK)l in r» 0 (HI) in. 

}»i iin'ijtl*'> of o|>*‘i;itU'M uliu'h !iit\<' l»'»*n m.iilt* 
loi* <'! HI lh«‘ “I lli'Si- iiisi|inu'’Ms ai*- at U.i-t 

tuiu in niiin!»* i 'I’ln'-sf uo- 

1 Th*' itMin-ipi-- of ih*- !*\tr. both :omI 

■J Til-’ p'ihci|'l'-<'t [|i.‘ i.u'k :onl jnnuMi, o»*\\llt'*l 
:ini) |)ni!<ih 

■t jiiiii<'ij>l<- ot :h' -(MW u'lil lint |no\i'inil 

with .1 \- I \ si»- ]i tliM :ni , an ! 

I. riif |•NlM•.pj’ ol lilt- Innlmd ::io«'\' *I <’.nii. 

In s(inif (Msc'i. \\\v ol iln--'*- p'na no- 
{ioninitsl li* olituiii '))•' (I'-siM (i M'-'llil. 

Tiiw t>j«' of unite itiiii: u;-.inimeiU Is (li-.Miii'nisliMl 
fneu the in^u ttieusiiiini; i)}»e iniisjnueli s- tin- imli- 
fltl!»;i neeiile ol |>olUtei' IS so UIMII;:**! that it UinX's 
over tin-f.ie*'ot a eimluaieil -u-ct.-r » r dial. IhiTei* 
oneos ill duin'iisionH can tlius t.isilv he pad oil lh«* 
sttale ol the instrunuMit lU ohiamed h\ ineuus of th« 
dilTeivutul 

* A siiii|>le loim ol m*- 5 wunnj^ test mdioaioi i< ii'pir- 
senled in Pii;. Id. The priuci|dc of aoliuii is that 
of the sHiiplw cninkeil I* ver. One arm of tlie Uvor 
!a*rvo^ Its the iadic-uiuir *jK)iult*r, whilst the other 
solves as the eonlaet liuitoi—that is, the flement 




1 i> . IT Nni'tloi <4 iii« t'>1 iit'lit fitor. 


wilh ii CMtiH' il juti'iLj uii'i til'- |Kiiiih r^ I* 

ait* the two pHiH of iht' t^birh ih tii n 

vortifcil sjtJiniJf IVti art* ioKtl to 

hrin>» th** j) Juit-i ivu-k i(«ts /> t‘> |*r)-«ttioi) tin* in* 
sinitnciit front thn \tta or woik. 
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C in ihy sc&li- of lh« iiidtruiiieiil, which, il will Iw 
iiottiil. i'i so iirmiif'isl tlmt thi' pointer has t>> hr iisrd ■ 
lii-nl, S n jiri'si iits the holilrr of the iiistruinent. 

Tor |n im;iplc of aclioii of a inOihfii-d foim of simple 
lever indicator is rcprrsoiitisl in I’ig. IS, In this 



Flo. IS. ~Trsl imiwiiitor. 


case, however, the contact 
hiif'cr C is a distinct part 
of the iiistiuinrnt and 
i|uitr separate from the 
lever. It will Im' seen thi^t 
the contact fiuj;er work.s 
III a s|H-cial pnide and is 
prevented from dropping 
out of that hy a cross pin. 
The lever consists (fi two 
jsirts. namely the arm L 
and the pointer 1’. The 
former is the pan which 
IS in communication with 
the inner end of the con¬ 
tact linger, whilst the 
latter moves over a gradu¬ 
ated scale .\. A cuivod 
leaf spring S is made use 
of in the luanuer shown 
in order to keep the ann 
h and the contact finger 


in oontact a^td to throw the indicating pointer into 
itazero (losition when the iiislrumeiit is not in use. 


\ oompoiind lever indicator is illustrated in Fig. 
19. In this |>articular,forni of instrument two levers 


are «ni])loyed. this arrangFkiient enabling a higher 
deirree of mamrificatioii or sensitiveness to lie obtained 
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without uiiflnly h*nj,»thcnin« iht' inslnunnit. Th« 
of mjlion of tho irKtrufiifnt is ch-ju- from 
tlu' diagram. 

In M>mi'otlii’i' fiirinsof t<'<u intiirtiioi tti >sliu']) lliu 
coiii})Otmd lcv*-r priiinplr im'inploxod, thi* t\v<» lovom 
are reversed and not oHitinuous :is u> lln'easi- <»f the 
alxne instrument Stridt^hiam! eiunkisl levers in their 
several condnnations are UM-d, tin-liist level '‘ome* 
ttnit'H pte>siii|' on a pin secured in the InhK of the 
amnid leaver <*i' pointer. ‘(’he eonlaci lint'ers used 



Flo. Ill - ('eni|iouiitl lexr t<■^l iiidiniUir. 


ill these mstruntents are of the and lover-end 
ty|H's. as in thi* cast* of tlie HinKlo lever irfhtnitiients. 

These instruments can alwj U* dividis) into two 
olaH4(^s, the difTerentiatint' factor in this case Iring 
the disicnption of tin* scale oviT which -the pointer 
Dioves. Those two chi«s«’a may !«■ tj^rined the s<*clor 
class and the dial class. The |K>iiit4'r an iimtru* 
m«nt of the fomier class has a acale which subtenfla 
hat a comparatively small angla at the oentic of 
motion of the {>oinU;r, the timiliug iKwitionsof which 
(orm what is really the st*ctor af a circle. All the 



ri:s'iiMi oi-' MAiiiixi: •Kmi.'i 


iijstnrjM'iits U-lonj; to tliw 

In tin* ciM* of un instnimrul ol tin- l:itn‘r rlas^, tln-^ 
|k>}iju*» hasji ihiH-lj nn>?'«M-xt»'nNivfnini.'‘-of movi'iiH'iit. 
cn\*'i'lr!u'ill in:th\ u coinpirir i> 

TIm’M' iiiMiuiiirnN )i,iv. It |(>\N* jsof 

iiKiunilirUiMii than Ifu*- socloi in««tiitrnt lit'* 

Tlf ml**rnal auiUt/^Miv-n* mI nn*- fmiti nf rlial t*‘-i 

ItultCilliH W Ml jn Wull 

(j 1 Mt*'l!UMi''nt tin- 
® ^ lolalinn of 

^ tlf' I'omni 1- n-'It- 

.||f alK HitlJ.ttirl Ml tin- 

'' t.J til* CUM- 

, S \ ,tiu{ -.i Mrs til*’ 

^ ^ (*} I lit!# ''I'.lil* 

H ' A'',’ ^ \ OnliM'ilM!. Illtill- 

ll® 0 j ’I'-'-'-’"'- '**!"" 

Y 7^''' 'z V / iiN th«' I'.duMloi 

y ■ / pfi.iitii *‘i 

' y/ ih-’ .iMim h‘M»i III 

I ^ *i tlu fiHWMld 

or |»*-'ili\*' iliti'ol on 

Ki.,IV t,.I ..t till' 

«»aiM»* ThH 

|H mounUHl t*n a «liuin ^jnmih* winrli ts pnolul in linn 
hiu«fc »!iK‘al *u jmialh’l iMMnn;'>)KoMa'tiiii«'*'j.-iArllofl). 
liouiui thisMruin piisv-* a linn hand oi non! ipie- 
for.ihlv MH'tailif unil piiU‘tinull\ MHAt^-ti^.iilc) ^\hirh 
i-i oi>hnnntniriit its tithni oinl ton pnot*-d s»*cU>r or 
qiiailrunt Q. Tliis «piaiiiunt i>»s\vimi'^ on il^ pi\ol hy 
a «hort Iwmi^or c^ud U. whieii inceivo's it** iiioium 
diioclU from th*- contact, fin;,n ! T. The contHcl 
6ngor ftlidc> in the tftlw A. wlncli i*» fixed to tbn ciihc 


Ki*,. I>^0 t*-l m-liMO'*! 
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of ihi’ Thi' lu-lioul i*< 

111 iht’ fiu'wn- provi'l'*'' tin- (om-i- .‘t n-stoiu- 
tinn wlh’ii th*’ ni lu-utor i*’ hmu 

wall l)n’Irsi Inn I'l th»M Mil !(uth I-Im 

lt‘s5(*«l '{'ill* ji'l; If '♦'■IVr'* :i-* .1 ihi‘ 

:utlivil\ of lllo Iu)i«-il sjiiihu' * tt-ihi*tin- /’••in 
IJOvitioii of till' point'I lo III' ;i<lj isi-il \\Im’ih \ii. 
ihroijoh atis <’kMv‘ wli.iirvi'i, i: li.i' 1 »*'Ti alton-ii 
Tho ^pilal spi ID;; S H itt:M*lii*il .j:ii'i':l\ lo jIm* po titri 
illUMl l>. ll*' finctinii lii'Ul:: to piii\nil- till* fon-i of 
losionitjon foi ‘hi* point' i onis 

h Wlli Ih' ohvf\i tl tli.lt ill" pl nu'ipli* ot lO-tloli fil 
till* u!i**vt' tl“>'i^ti i-t miih'itoi I' I i.ill\ tlial of 
tllO COllIjMUlfMl oi iloiiM'- Ii-MT 

In •notlii'i fniiii ol iImI tost )i.(iir.iti>r u sini^lo 
Ml ’.'..’it Ai cia'iki'il I'-i'-r N usi'.l III c'onjiinnlirin with 
it piv it'll r\liM(Ior whinh i^ picivulnl with n stnnp 
In IiCiil Of srji'W ihin.til In iIuh ^t'"‘V» ii'It'* 

on the i-n<i ot the luti^'arm of tin* ii'Vi" ills ttrnl is 
rip.ihl'’ of inot.oii T'nis inolio'i in ils tianslutioii 
fioin tin- {i Vci lo th*' (‘iiiininr hm’ 'm''s a lotaJorv onn, 
anil ii'H Hui'h i** (•'•.Mn'inu’itisl ilm* ily to u iM i*'lin oi 
|wiini«*i w lio«M* .i\js 1*0)001 li's w ilh that of iln* t;nioV4«l 
Tik* Kpnn^' Mn\ ant iliiMctlv oh 

iMtlier tlin ioiii: aim of th*' oi iho pomlni. thoiitth 
prnfnrahlv tin* fornnn . ami ih*’ ronttct ftuy 

I>i’nithnr (,»•»■ oi forim* I on tln-slioi! aim of thn Invnr. 

Ill Fix lil is lll'lStMli'd ;4 -.rrloi (oitn »if tnsf imil 
(■•ttUir whinli, since il <'ncItiSf'i lit n cUftj.iijr»il ca^ 
not unhktl that of a dial tcit tnd'calor, ma\ cHsity 
lie taken m a form of the Utter. *ln tlyn inHtimrmnt 
the comjH) nnl h-ver prijiciph? w employed 'Difi 
contact finger, .\, I’a atmng'd inliitwhal «mie m the 
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interior of the ciisx', and has aociircd to it a deflecting 
pin (', Tlii*- pin (' (H-art mwin the rthort arm of tbe^ 
orantied lever it. and 
causes tlii« to swing 
alsint Its axis when 
the eimlact linger re¬ 
ceives any motion, 
l-'ioni the motion 
is triinsmitusi to the 
arm d'. and the 
pointer, and iiiaKni- 
lied hy the latter. 
'I'he -priiig I) keeps 
the jiin (' and the 
lever arm in e«ntact, 
whilst the small helical spring shown Is low K keeps 
the latter and the lever It always in eontacl. 

In annthor form of lest indicatoi the seah- is 
markisl out on a lisisl tulie in an axial dins-tion — 
not unlike a tnieromeler screw gauge scale- - and the 
indicating mechanism consists of a siwve which 
moves on the tulie over the seale. The motion of 
the contact linger is magnified or incrcastsl hy means 
of two levers and a toothed wheel device. 

In some test indicatois, chiefly though not entirely 
of the stictor class, the scale divisions an- either not 
exactly of Ctjual value or of eijual magnitude. This 
is due to a defect in the aiTangeinent of the levers— 
in some ciAes ineradicahle—whereby the leverage 
value varies with the positions of the levers. In dial 
test indicators Ihij defect is not so prevalent as it is 
in the other clasa Ih magy eases wherein it exists, 
however, the error lehich it introduces into the rod- 
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in((K tnudo by tiH<AU!« of tn«truiitt>iit*f \n » 
qUiiDtity. 

Th<? oiitiT imN of ('oniiii't rnii»<'rs un* HplMTioiil 
or knif*ori1^'<ii. shnip t oiiitnU or 

bliini <^tuou! fH»ihJr‘l. In •*!»»»•’. iircumtflv ^jjhuihI 
I»all« niv jM'iualK nvsl r.>r ib»‘ pjiit ot 

UiilcbinM.t(K>l t< \\otk tin* t’luViMl ot Hjtlitjiicai 

f<n<} in thfi tnost siiiUlilf 

In II w f»»un«I to »nak»* 

of au\iii.u> , - 

craiikt'il a- w? ? 

Hbovvn ilt.ujnunin.'itir- KJ-C-J 

ally in ‘J-j, m ^ -- 

whit'h IS rriirf^tHitv J 

tl«* <jonftu-i fm^iT of , 

th«* ii; '» .ioonl an<l 
A th** i’ontiiil 

of thr iubbti K\i*r . . .. 

l lo. 'JJ K\(i*riul W‘1 iH'«r»tor 

rhw H'ViM, It should 

Ik* undoisUMKl, is niouitUMi m » hmckrt uhiqh ih »c‘. 
curb'd tothccJHr uf ihn itiKtruriuuit. In orderloiiinin- 
uin ihe valut* of rnu'h division t>f tin* tlu* 
i>f iho two lii tils of tlif lever must Ix' inade cijual. Tlial 
M. the diiiiiMisluiiH j and i/ mu>t U* equu). Jf it ix 
deBired to incroasi* the sensitiveness of ih»* iiintru' 
ment^ it can n»uJi)y lx; ulTiin.'led hv making the 
dimeotuon 1 / an exact inuiiiple of the diiiinimiuii 
a*. Thua, to halve the value of i-ach divisiu^i of the 
Male, y muat lie made equa} to 2 x, Thin w, of 
^ume. tantamount to adding another lever move* 
menl to the inr^rumeni, though it is nut a {arrmanetit 
element in the deaigri of the instrument. 

A point which la of aonie tiiatorial ini[>ortaiJC4i in 
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no 

connection with ih*' nvof 0‘m imltcaUnsUlhcniajfni- 
Hi*!*’ «>f rarh <hv»iioM. '<uicc ihw (U'nnnuncH largely 
tin* «MM- :uhI cNsu-tiimL' wuIj wliit’lj the trading w 
takrn. (ir!icnili\. llc' di.il form of irst inilicatoo 
o\Mim to Its lunu'rr scalr. has loni;t>r unit dtvisioiw 
llian liasih*' Ms-toi ham. Tin' h-ngih oi a liivisiim 
Oh hi;ilioIiss ilia! indicators varms trom itt. 
to i in., liu- v.ilun of t'iiidi dutsiou heing I'ithi'l* 
(IOO| m. oi 0 OOO'j m. The ilrtfior ol inagmlirn* 
lion rani^rs fiotn aUhii iio to ^otCm ordinal} dial 
hkIumIiOIs In tjtdinaiv sri-loi iihIhmIois it vris 
ntrciy llMi. wlolsl in tin- j)i-inlnljunrii‘i 

(vslurli is a form o) si*ctoi tr^t tiuliiMion tin- dvgicr 
of niaonijWatioii !•», in one case, oiin. and m tin* 
olhnr l-i'i. 

(’hi'in- f«/ 7V.s/ (‘oiua-iningllirfhoU'Col 

a test induMloi lot »-\{H‘nnu nlal\vorkit m.i\ hr |K)intt'd 
out that the imjtortant Jaunt is t<> srKrl om- njmn tlin 
aa'imw'N ot \Nliosr cahlnatum stiici hdianco* can he 
plaml, sinc«' the function ot nisiiuntcnls ot this t\))e 
is the exact liclcrunnalion of errors. Microiwler 
screiN gauges an-, of course, icliahlo; luit liiis cannot 
he said of all lest indicators. Where it is n-tjuirod 
to know e\acll\ the error in any juiii or jiarls of a 
Mi!U‘hiiie*tOi>l It is fur iH-lter to trust loan iiistruimml 
of tile dial type than to one of the Miclor type, 
though it should tmt U* uiulersUKKl thiuehy that all 
of iho latter Injh.* are useless and all of llie former 
lyjit' rvrAhle. It is indispuiahl\ true, however* that, 
s{K'aking generally, a dial test indiciilor lends itaeH 
more elVecUvoly to this kind of work ihau the othur 
form, iniprovisecl test, indicators, wliilsi suitable iu 
OHiuection wilh^ikutam kinds of uiachine*tool work 



'iTMTS ON M 


MlimitJ «|uai.?it:Ui\v (ii l»«ji>iiii5Uh>ns ha\<* ni'l U» In* 
lUiulf*. aiv ni‘l •;*“nr»;vll\ in taxini'ction vMlh 

lfN(in}» wuiK iU! m u-lniir li'ols 

:i Driving Headstock Spindle Tests. Tlu I’lnt 

fssf‘nim| oi ill.- .I'isnu' In-.uU'oi*!; of .ti. ,n'rnii»i'‘l\ 
itiiih j.uho iH tlii’ if»>' .iM-^ ol tilt- ilm.iiL' oi mam 
Hjmiiil*' •.hall )h- |> i> tilf! !•> th*' top oi tii*- Ih'iI 

in lilO (Hi.' llll^‘|•llOM Ilhat 5s III a \r-1lri} .UmI 

lo the Mlips. \rr> o| sl.|.-s o| lh«- Iwd 

111 tin* tilh*'! mIih. .1! a li'iii/.ml.t! ]•} ii.' ) 



1 LM. (t -t 

ini’ ihis ma-ossatv conduion. luil it is found nci'cMai) 
in tin* pjocon-iol circiiiiii tit tin- l.iihc to t'‘>(t ih»‘ lu-.id- 
hiotik for this spmdlo accuracy 

ill tins lost, till' oidm.trA s)imdl>’ i> ioj»l:u‘«>d hs 
a HiH'Ciai spiiidlo 01 tost Imi. the dt.iiii*-u-i of ulm-h 
tat least ut lln* jouniaUi (‘((UhIs Uii- jounial duinu-irt 
of the spindlt'. 01 the spmdic is piovided NMth a coil- 
ceiitHc cvlindncui jMojectuin nl rarh of its two midH. 
as is indicated at \A in I'l^ 2d. NMien the foimet 
is CMiiphncd It should lx* iU'cnialelv machined and 
fiuished VNilli a smooth suiface iprefoiafdv ffy grind- 
•ing), so that, when the headstock la-anug hiasses 
have lieen sctnirtsi m )*iace, the t4.‘sl*hur ^an l»e re- 
volvod liy hand quite easily^ Tlnoc must, however, 
Ixi no looseness in the Ixairiutfs. the fit iietween the 
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I'-xt Ikh' anil the Imariiijf liinisi'-i or biislu s ta*in(j the 
orilinarj ‘>|iin(llt' rnnninK fit. Thr li'iiKth of Iho U|st 
liar should In- siinh that a length of at Inaiit 13 
in. of nnifoim iliannUT projocts la joiul the front 
fM'arinj!, as i., shown in I’it;. 21. The piojictiona on 
the onds of thn spindle need not he more than' 3 
in., and ina\ Ih' of any leasonahle dinnietiT iiliove 
I in., hnl they must each Iw of the same dianieU'r. 



INDIOATOR ' 



I'm. 34 '■ Ttst Iwir ni Inthe hrmlslieli. 

When a test indicator or simple nncrometer is 
usisl in tW test, it ahould Ix’ inoiinUsl on a pillar 
fitUsl in a liase in a manner Rnmewlmt similar to 
that of a sorilnui; hlook or surfais' )!au(p;. The 
under surface or surfaces should be carefully ma¬ 
chined and acrajitd so as to cnsuiv their ladiu,' quite 
flat. I'or use on fiat-tii)i|M'd beds the h.ise ahould he' 
providisl vith a lip haTini; a verlicid face to fif 
against a vertical face on the bed in the manner 
sliown in Fig. 3fi. If it is an inclined face on the 
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outitklo of iho Ihm] whicfi i'' iiiioo»l(Hl to lul »is 

the guulo. th»'n the muxl U* -ilisiiMHi 5uronlin>»l>. 
For \IM‘ o» v*‘f'-to[i)»«‘«l Im'Js Uh* untlt‘isi<h' of thr Imso 
iihimI 1m‘ pri>vnl«'<I with \i**' u’»<K»vt‘ to lit om'T ono of 
tho voe^ »Mi lit*' u >»•<’. |ty 

Mil’ll Ilh'ilH .i» llio It Is jmssilili' to lu.oi' th«‘ 

iruliciiior «>!' HiMtoni'-ust jaiHllf'l to i1m- I>'”! 

With lln> l*’st l»ii of im.foiin «!i.uh» I' l. roadiiu'H 
«<houi<l III' l.ikiO) v\ith till’ >1 or nmtioriM'toi at 

two pljw’rs n'Mi tho 'Mills o! the piojoctni^ I'Mit'lti, sii«h 
ftH, foi o\,uiiplo. tli.‘v‘ -liown at \ iiful Y lu 21. 
Two s -t of mIiomI'I 111 -ol»iniii‘-<l at iMi’h oiifl, 

oiH* hfiiiji m.uli* willi jfspirt loth' iiiiih'isiili' iif 
the l»ai himI iho othor with rfs[M‘et to ihr (rout. The 
two rotJlMivfH in "*i'l should Im* snruird iioiii 

plact's wli:’!. ah' iliu- 
metrically opposito, us , 


indicated in I'l;; in 
which H and M, to 
prcionl the placon <m 
the aurfaee of tlic har 
for the front reudmoK, 
and V anrl V,. the 
corres|K>nd places 
for the underside reinl - 
lugii. To obtain tlieae 
readings it is, of cotirsi*, 
fieueaaary to rotate the 



I 'i'» Uiiii'rHiii shoiAiiiir ill* 
■I'h’iirrut U'aI niilicator teiel- 


bar by hand tlirout'b 

approxiiuatfly half lovolulioim. Thtiiivi'niHf of oaeh 
bat of readings al t'ivcb fiid -.hfaild !»• tfii-ii lalicii. 


and the correaiwnding avifl-aga 4-sults compared. 
In the practice of one bnu of machine-tool mamt- 
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l)ur allowrtl t-> 1 m\ on the aver- 
jii'f. OIMM in hf^ln-i :il tlu* outer eiul ;uul ti* have 
uii ol (MHM in lowHuU the liaek also at tlw 

ouhT en<l. Ivirh set ol le.ulitii^s ina\ eonijmse more 
than two leiulmj''* if lh«>ujiht neei's^ajs ot jf found 



‘ tjeslra)»le, hut ordiuari!) then- >s no ne ial to tnakenso 
of more than two r«‘a-iimr» m each set. 

When the iK'tuul dnvmic s|)indle is utili/ctl in the 
test, the aliove melh<ai iitvo)vinf» sejMwaU* hoiiiconta! 
and vertical readin^N can also Ix.^ a[>pik‘d, thoui^h iu 
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tlm thr HhlirilOl 01 inU'IOIllfW-r Ijuh 10 \h\ 

liiovotl {n»in o!i*‘ «’! llu' lu*U‘UuM*k to ihu olhi’i’, 

tho hfA'l‘'li>rk. of ro;n‘s«'. ililMl';; \o !UoV. <i >U;;htl\ 
Oil till’ lull fioni llf Oll-i 111 tll.lkw l'->IU tot tin’ III* 
(lltMt M . 

\n SihfU. Itivr tMflho<i 1-4 lll-llC ill 1‘5;^ Jf) li| 
thw <MV !l "I-. ri.tl tit'inu raiiMiu' t'No tMUToiio’t*'i 
ll'M' I" H 'i ' •*, lia\ I!.’.; a 11 'I l/.Ol»lul 

and \Mtinii JVM''n "(nvtiv* l\. Ih*’ l«.is.-uf tin- 
litt.iii; musi. mI 'cout-f. !»'• lu.ulo lo -.ui: Jh» 'di.iji.- of 
ihf v\ IV*' oJ •'hra'*' of ih' Irt’il, W lirii i! H in>l 
lo i‘ik« .ivinivi in*‘.k''iin‘iti‘'tiU ih" nm-ro. 
h* .id-*!'•houl'l Im- r»'})I.H‘i*d )t\ w.l' titiiii;: >i'i« \\K 
|'lO\id‘‘'l \\;ih h.ioi'in-d vit'l** nitid- i jHif»*i'tl\ 

d U Ol^**ll4flll\ V'MiM'X 

Alt' I* 1 '^••^’Uoll of ol till* h*Md''l()ck or 

ht'aiUuM’k s])UidU‘. \\hudi llf of thfsr it-ts 

liia\ mdu’ilo, !■* tho is 

hnall\ voiiij.lfied. With tkii lo|H>*'d Intis t!if cor- 
U'l’Uoii ;;* !iiTaliy ciiii Im* mid'* 'juitv f.isiiv 1)\ tuakmji 
Usiiof adjiNtiia: snrwsaud 'luds m ih»* lifiidstock 
lu}^ or lonouos v\hu*li hm* plan-d Iniw-fn ilw slj'-ars 
of iho lH*d. Wiili vo-t«'jHi''d l>*•d■t, how-u r. tl is 
csM-ntiaily iidT'’ivhi. ihon;.;ii willi l^-d^ of ilus i\|H' 
thou* diM's not oNNl the Niime n»-o<l »oi nnu'ctjon, 
Hincr thi* \»‘t‘ strips ^ui llu* h'-il and ih** i'*** 
in lh‘‘ hoa<lstoi;k determint* IIm- alik'liin' iil of the 
latter vMth respect to the Iwd. 

4. Loose Headslock Mandrel Tests* Tho sxis 
of the holiovN spindle or iitaiidu-t of the lo'tse hea<f- 
stock should U* exaeilv in lino \si\h tfy axis of the. 
driviin; headsloirk spindh* (assuminf^, ol couisi*, that 
this has bet'll correctly aligned). That is, this axis 
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«hoiil<l Ih! parallel to the tops or ways of tho InhI in 
a vertical plane and to the ^'uidin^' surfaces in a 
horizontal plane. 

The which are ntjces-sar) to chtjck the alij»n- 
inentof thisaxi’tCiin lie made in exaetl\ tin* same way 
as th<* drivniu' hrsuistock spiti<ih' uli^Mimfsit. tests are 
mivde; that is, a special M '^t har with a 12-in. pni- 
jeetion or tie* aetual in:indr<-l with end projections 
of I'iictilai section like ihost' sliowii in Ki^^ 23 nmy 
1 m< emj)lo\ed in eonjnnelion with a U indieator, 
iiiicionieter sciew p^nj'e, or the sjMr.ial instrument, 
as deMTilenl uho\e. ill which two mieroiiuiet heads 
are inmle use of. 

The reipurenienis ot iIiom* tests an- pieeiselv the 
same as lliosi* ol the diivin^' headsnu K spnidl * Usis, 
the two H*‘ls of results coinciding exacll). 

Anollcr test involves the iw- of the actual mandrel 
of the headstock. In this ease, th** ordinarv sui'faee 
of the maiidn*} is used, the I'onlacl tiiij(«*r t»f iht' indi¬ 
cator or the spindle of the mieioiuetrr yau*?*- lH*iu>( 
placed in eontact with it. Itoih horizontal and 
verti(‘al indicator or t{au^' n^adm^s arc taken at the 
outer end of tin* mandrel when the latter is first 
right in iht? harrel of the headstock and tlien as far 
out as it would he in an extreme case under ordinaiT 
working conditions. If the birrel has l)een accunttely 
bom), and the lit lietwecn the liarrel and mandi'el is 
a good one, the two sets of readings will coincide 
with one hnolher and with the cories|jonding read- 
mgs taken in the driving spindh' lost.s. 

When the looiH* heaiisiock is of the set-over typo 
it is a c^omininiiiveiy simple matter to align the 
headstock mandrel horizontally by making use of 



• TESTS ON MAITllN'K-TI>f)L ELEMENTS '>7 

the slipiK'r or solo pliito and ailjiisliiit! ttu> |Kisilio!) 
of the Ixxly of llic <lock on it. 

Ill till' f.lst* of ihw l\|H* {if lH'JulstiH’k n K 5 ll *«0 
rloHiml>lti U> know wlirtfur ihf cto-"* oi tninHytM-'O 
guidts arti t'MU'tly ai itulit an^ili's !o liir maiidM'l 
axis aisfl lonKilialinal IhiI Tfiis mfoiinulum 

can la* ohtanii'ii in scvoial wii)". On** \s:i\ invoUfH 
thu cnt|iloMm>tit of iin arcniato xiitMio ami iimMli* 
micnnni'tor scrow tit li-M imla'alor, llu-s 

{>n th** j'lfti}**-* Anoilu'i \\a\ is lo 

U ‘>1 tho i‘ro-*s oi iran-iNi r-N** imivrim nK of tin* «*\ 
lirme ond'i of tin* test Uir <11 iiiamliol l*\ im aii*. of 
a niounuii mdu’uUtr 01 iiii('!otut‘n‘r 'icirw ^an^i*. 
if tin* hoadnuark ouuifs an* noiiu.ii tt) i)n* ln*tl ^unlcs 
the Ijoiwoon tin* twt) ano of i-ml ii‘inlin|?a 

Will U) ilif Muii(‘ !or an\ cio-*'' inovt'iiM'iit of iIh* 
IxkIv of till* liradatock. 

This is not. fiowi-Vfi.a point tif niiirh mi|M»rlann‘. 
the iiiijairtant point having lofcri iici* to tin* position 
and relation of the mandrel a\.is \vli»*n the ImkIj of 
the In'ad'stocK is in its zero {Kismon. 

Slide Rest Tests. Tlie eross oj transveiM* 

slide of the nlide n-st of a lathe »lionid In* diN|X)}ie<l 
exactly at n^lit an^lea to tiie led ^nides, to iirtain 
which it is neceHnai) to test the «iioss slide in the 
course of erection and littinu so that an} etror can 
be corri'CU'd by means of further maehtitin)* or 
scraping. 

Thin leal can Im* ]N*rforintHl in at feast Two waya.^ 
In the first way a s|H*eml testing slide (Ih i‘'ig. *27) 
is usetl. This is nnvh to fit accui*aU l)^on the bed 
of the lathe so that its in^tturi U cODtrollr«d diriHStly 
by the guides or ways. The iu'dde vertical fu<x? of 
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TiS 

UiM •ilid" jiihI sc?iip*'*l to a <i< ad Hquari* fit 

With In llu* 1 h’» 1 ^uul**v Tiu** us^i m 

carjjuiH’tioij with t\\<i ii-^i hloi-k'., <i(J, which 

arc r»f the '.atne Iciji'tli. Iti ihc li^'uic. U rcprcMMit'. 
tlic siuhllc (>l the sli‘l‘’ 

In ll»c JU’lUiil tc't the lcsi-^Mus»'' Ijlock'i arc iwil 
jiH stiovvn ln*lw«‘i-n the test mnhu'c of^ the slnjr uiid 
the nearer <)( the cri**'’^'>h(le. Wlien lie* cor¬ 



rect relation lM*tv\een the U-il ami tiie Middle 

jfuute lias hceii •secured, th*' two •iauire hhn-ks. for 
all) ^Mvc*n force applied U) the ii-m >>!jde ami saddle, 
an* ptp|)eil e<juallN. The Ataujin block", when a 
qnanUUilive dett*rm!i;ation m found necessaiN. cvm 
U* replnml h\ an inside nneronieii'r ktau;,:*} or a dial 
list induMtor. t!ioii;;li pieferahl) the former. 

The other ineihi’Kl of inakiim this test ts indicatisi 
»in Fttf. 2S. The apparaiU" recpnieil m thi" case 
ccmsisls of two lound bars, it and U,. lojielher with 
an luljn^laWe te^tin;* screw S. On the l«ir II are 
ihri'c coital's. Two of thcsn* collars, ('t', are care- 
fully (ground so as to he concentric and of the ttanie 
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(liamvliT. Th«‘ oOmt ctillar, 

(Imiiu'tJT. Ttu'N U»r t** iiliuvl on iIh- '‘.uiiii*- i»l ;hf 
-ilnh' n ^il. ){. •'H ihiii th«- t\\,» <■{’ hi uv \\iv 

cro-''^ ;.'unlr m fonl.n'i \miIi two su>- 

ill*' hori/otitiil stnf.t**o iiH'l iIj*' uii htiril ''Uit.iot* 
of the mii'i' 'Fho l•"llnl ii]* .tL'iviuM 

tht‘from liu- 'jhi-lr Tin >'!o 

at ii;'ht aiiL'l'"- If' lli*‘ l':o' U. ami faiiK’-- iU Hi oun-f 
rh»i t)io ii'o-\\. 



iS. SU« Hi* I'f h itMi}' * li'li M -t ‘Hil'II« vMiii|««, 

TIh‘ cfu-i ''Ihlf. I" iU I'ij'liL aiii'lf'N to lilt' l«ii K'l'i'U’ 

mIm'U Uu* li'ilin;; srowv {hoshi-^ i-tjualK aoaihM lln' 
surfjua* »n iho two jiiutnoni shown for an> um- n»‘l- 

If It »H «h snoi, loi .in\ )Mjri»o-.«- wimu-vi. to 
throw th« cross iluh' out sljohiiy vj tfmt stirfHcnl 
work will ix* slii;hll> com-a\c. the s«-Uio^ aii-l l(•stlM*^ 

can U.‘clhwvsl Iw makm;; Us»*of a^shm*! f»{ iiani si/.iti 

writing iiaj>**i nix)Ul (MMU or ih»in ihir.kitcss 

betwwn ihr 1 «h 1 iiml ihoVml of^tho screw wlioii tliv 
latter 16 on the left. 



<J() TKSTINO OV MAClUNi: TfMH.S 

McxiificMtions of tin* Jiiiovi^ involve tfu* ust‘ of 
specially tested evlindiTS in pliU^o of the collars (‘C 
on the lur l>, anti aUo tlie siihstitutiim of u tnicro- 
meter In :ni ft»i the U'stine mn-esv S. in the Utter 
ca-;e exact ihuo’ii^tonal d'^tennutations can Is* 
made. 

Aiiothei poml whieli leumres eh“e|iine has refer¬ 
ence t«» the ljt»n/t»nulil\ of tin- e.utss eimli- in a 
tiiinsveiM* tliiectitin. This tfst is n>iJHll\ made )>y 
nmansof a spirit-level aftei tin- h"d liils U-en leveliinj 
tmusverselv; it is. of etMirs.-. of ni> ii-**' lo test the 
saddle jjuides imid oie* knows ftir .i certainly that 
the hed »s horizontal t».4nsv«'i's«*l\. 

0. Finished Lathe Tests, When the various 

jwrU of a laliie liave U-en a-MSnliled in their ^daoes, 
and tile Itithe i-, itsniy for stsvice, ii is the usual 
pmctice to pul It under test HI as to deteimiiie the 
inaccuracies iif any e\isi) in the various parts of the 
inaciiiue. 

JJefore doalmn,' with the actual tests which are 
oarrj(si out. it will Iw as well to oousidet the principal 
OHWHilial characteristics of a t'mwhed lathe wliicli has 
Home prctciiHions to accuracy. 

These chamcWrisiits mav U' stat«i as follows:— 

1. The »x<fi of thi' driving spiiidla and Irawe lioail- 
slncli mandrel should la‘ paralli'l to the top surface 
of the IhsI and to the ways or ftuides of the liod ; if 
this condition is smisfiiHl, they will be |mmllvl to 
^h other. 

2. The axes of the centre sockets in the driving 
spindle and loose hinwlstock mandrel should coincide 
with the spindle ami mandrel axis. 

3. The conical point of the centie in the driving 
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spindlo nhouM nm true, tluu \a. lU ii\is sIhuiIiI 
ooiiicklr with thf uxi’* nl the spunlh*. 

4. Thf uxi** of tiu* |ioiM( ol tin* looxr ))('.u|sUK'k 
should ooitindo VMth t))i- inaudn i 

•*). The throiuloil iiO'^ruf i)m‘ «hi\i!i^ s|i»i.lli‘'.Itouhl 
run inio; ilml ih, iU ums .tii'l ili*- spmill*' i\n ■should 
bt5 uoincidoiii. 

0. TIu’ (11 OSH shill* ot tijc -ilidi- li st sliuuld U‘ I'MWlly 
ftt ri^ht audios to tin- l^•^l‘;lh of tho l‘»'d. \\lucli, of 
coursi*. sh(vdd tn' }>tiiatlrl to lh<- Utiii' :i\H, thi' laiior 
iMfin;; the lim* winch joins tin- cxtii-inc immoIh of the 
two cmircj!! when these lire m thi-ii nonnal }>*witioMK 

7. Tlic SCIfw thread of the hM'hnj:'>i inudt* 

Btmnv should U- unifuuii and lu-cur.Ue wilhiu rciUin 
wol)-d»fiued iitiuiH. 

If .\ll JicH(‘ conditions aie salssficd in a iiithe, it ih 
ca])ithle of linnin^ out .iccuiale woik in tin- opi-rn 
tions of turnine thoilt shdine and siirticin^'n U>nn^, 
and screw-tljieud cutlin^i. 

SoJue of the t(-sU all cads de-'CiilM-d, winch are 
nuuie dm me the eieciion ol tlie Isvlhc, check seveod 
of the j)oinU enumerated sdHive. Theie aie. how* 
over. Hcventl tests wliicli iu(' nece.>wn\ when iho 
lath»‘ is ill a fuushed condition iM-fnio .in mM|ieclor 
or proHjiective huser is justdied in pussine the 
maohiuc, though m nmny cases leham-e is plaued 
on only one oi two tests 

CetUre Sorkft Te-sls.— iu these tests it is neces¬ 
sary to use ft sjK'ciid test l«tr. Tiie foim hf thw liar 
ts shown in Fi^. '2'J. It is u round solid hai or arlior, 
thu jip'eaWr |)ortion of whieii U cylifidricid <>r uniform 
in diameter. The reinaitjing jV.>rtioii is tA|sued, iho 
toper formed on this {lortion (which is the shank of 
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fi‘2 

thi* han UMhij rxiw ily thf Hium* us thi* tapi r of the 
w*nUv or hoir in ih** spindk* or iimiulrrl. Thn 

of ihf portion oi UhIn of thn l».ir 

should Ih* alHHjt 12 m.. and its drmioirr from I to 2 
in. TIu- Uu sfiould Im- viT\ carelully .tnd acouiuloK 
mioh*. flu* AW-, itf jIm* two |H)itions In-ini: romcuh'nt. 
l*n-ftTuhl\, ji should 1m* linish'-d )i\ ^LTindmi.' on a 
teliiihh* in.irhini-. 

'I'o li’st tlif a<M-ni.u‘\ of lh«- i.ipond )h»lr or rmtro 
sorkot Ml tin- dnvnii* spmdh*. tin* lf}»*i»*d shiink <t| 



(Viilo tiiii. 

the test hur slumld In- insortrd in llu* scH*k«*t. spi-cial 
cart' iM-mi; laknn lu srt-ihul tin* sin fact s i>f ihr two 
parlH arc ipiiu* dean and fior fiom |»aniclos of dirt 
or nirtal. Tin* oonlaci liln^er or Iniiton of a lost 
indicator or the spindle of a inicv<,iim'U*r screw 
hemi mounted on a pillar and icstin^' on the lathe 
IkhI is phk'ed iittuiiisi the surface of the liar towards 
iU outer t.%d \iu fact, as neat that end us |X)ssihle). 
tlie conliU‘i may lit* ini the side, lioiioin, or top of 

the l>ar as mav li{> the most coDVeinent. Indicator 

» ^ 

or micrometoi reiulm{;.s ar^.* taken ever) quarter of a 
revolution of the Ukvr. the spindle liein^t, of course. 
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turm*(l Ijv hahd It iIuti* is no <litTrn‘iu‘»‘ U*tw«*cn 
tin* four ivmhn>»s. iho i-miit' ho!i- m s.>ck«'t Imn U'^n 

:U’OUi!itrl\ foniird 

Anolln r nn’tlj;«l o! rumn;* tlu' rnu’roMi«'i< i s^irw 

plU;lf Is sliuwn Itj I’lj l{o |], r;isr. tin- 

hva<l Is msMiinl 1-1 iln- r.iUi'i rinl »■( .1 iiiin I*y 

m»i.ins I'! a swivrlliii;: .un! liickiiij' nti* This 

urnuj;^-'iiH ni a<liiiits n} |||.* U inj^ j.I.ir.-I in an) 



I Ur. >t<>. iii.< l••Ul•tM t< I .l|•{l«Mln< 


OoiiVfnii’Hl jH)‘»ilion '»f Uu* jMisituumf iht* 

arm. TIih arm w sH-urnii .ti iw uiIm i • mi t^a -.hank 
liy a IkiU and nui. and is sc; {Mumjcn d tliai ii iu\u la* 
rt»adiiy swiVflltsi uhuiit tlw stud wh'-imV'T a (diaD^n 
of laiaition of th'- aim is OMjUiMsJ. Tin- simnk m 
this U‘t*i is licid iij-jidK m lli»‘ slidr-ru^* imd |»Oht. 
The spindle of the miciomeuo h*'.ui is ph seiited to 
the test Uir or aiUir m a hoiijiouta! jKiiUion. us im 
iitdicatod in Fi^. dl, the tiii»iu%»i>euiiui'i in this case 
beiut* preeisel) that as Ser*cnli*Kl aI>ove, that i», a 
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U 

reading of the KiUitjc is Ukmi every 4|uart(^r of a 
' n.‘vohitioii of the Usl liar. 

ft Khoul(] lio ol>^'rve(i that the |K>Krtihie centn* 
Roeket eiioi m:i\ Ik* cither one of two dilfercnt 
kinrln. Jn ihe liist the uxis of the socket 

um\ he pamlifi to the spimllo axis, hut not coin¬ 
cident with it, as in shown in l\’2. In the 
S4H*oiid piaee. the axis of the socket may he not 
even paiallol to Oh* spindle axis, hut inclined at a 
Hiwall an^le to it, as is indicated in Pig. dd. What- 



Kin. ‘U. ■ Methiul ot U'Htini* lathe n'litn stH'ket. 


ever In- ihe iiittm'diiite r;uise of llw iiiaixurncy, how¬ 
ever, the hIiuvv inetliod nill i nalile the niii^riitude of 
tiu' ftTor to 111 ) iiieaHiircit. lluiiii'h, to magnify it in 
the oitito of ihi' uliliijUf (that in, the secund) form, it 
ia necessary to erojiby a test bar of a length not less 
than Id It). 

^ The looSe hcadstoek cenliv socket is tested in a . 
manner souiewhal similar to the aliove. The test 
bar is sockettHl in'the maiulrol in the ordinary way 
in place of the centre*. The key which conueets the 
mandrel to the barrel is then removed, thus ad- 
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miUiiiK o( th(> forini'r lieitiu ri'vulvwl in thf latter. 
The KccuiioN of ih" l i« then tosiotl ii< hIiovo, n 
reiulini! liaiiiK' t.aki-n cVfiy (iiiiiiter of a n'voliition of 
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thi* mjMulu:! If ili'-y the has 

fornuxl iwciiniiely 

A Kimj>Ier t<*st lo (let^Tinim* the di'^re*' f»f {xiralK'l* 



Km. 8S.‘-I>iatfnuii jllufitiatinu atiothtr forat of ct-ntre MK-ket * 
iniMTCuniry. 

■wa (wi distinct from obliquity) c«u Imj mad^ by taking 
readings at two different placen m the length of the 
Ml bar, the test indicator .or micrometer pillar bfse 



c 
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movpd along tlip l)ed guides in a din'ction 
lianillel to the Intlie axis. The first lost is, howewr, 
generally the ts’tler of the two, since liy means of it, 
the swkei is leslisl for both kinds of inaccuracy. 

< 'enlre Test'. -Tlieso are readily made hy means 
of a test indicator held in a fixture or the slide rest. 
The driving headstock centi-e is insisted in its socket 
in the driving s|iindle and the latter sia in motion. 
The contact finger or Imtton is then hronght up and 
placed in contact with the conical point of theccntns 
If the |H>inl of the entre runs true, there will lai no 
movement of the |s)iuter or needli' of the indicator. 
This test should Is' made for at least tlirei' )Kisitions 
of the cl•ntle in its socket, and iii each test no 
occiuilricitv should Is' indicated. 

The test on the loose headstocK centre is {s'rfoiined 
ill a similar manner, the mandrel living rotateil hv 
hand through the handwheel. To ohtaiii satisfac¬ 
tory results ill this case, however, considerable care 
has to he exercised to prevent any longitiidiiiul or 
end movement of the mandrel in the barred. This 
can Ihi elh-cted hy locking the mandrel on the screw 
or to the iiandwhts-d in some way, such as, for 
example, by means of a nut. It will be obvious 
that ill this test the key connection between the 
mandrel and the Isurel must lie removed. 

To test the relation Ix'twceii the two headstook 
centres tlie test which is illustrated in Fig. 34 can 
bo employed. In this two s|ax;ially ground accurate , 
oentre plugs arc used. These are exactly alike and 
fit respectively in the oentre sockets of the two 
beadsloek spindles. The outer portions of these 
plugs are perfectly parallel and equal in diameter, 
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the ('Xlreiih* riwK iMMnjj |M'rf»‘oUy plmie itiid 
as showi'. Tlu- i<'st ronsmts in him^ini; tin* nuls of 
th«* two If IIk’\ eiMnouh'. ii> tii Ihi* 

th*‘ c*'nl!* s timl lh< n ‘Kh’Io'Im Jtix* ph-.sim 1 oa 

ac(Mimt(‘. Am onuTiinHW oan !>•■ iu*l'ifi)h tnrHHiiM‘4l 
hy moan** ol u i* si indin.iU)r or a r»u*n>iijft»‘r Krr«*\v 
|*r«‘f» nihl’ tin* latter If um otdinarv niitsido 
micronieii-r ih »w« 1, lli" ijuwvurncy in any 

|)lutic i> dott'iini ml ;is folliiVN*^. I.t-t !> thr iM'tuai 



Ft<«. IV-tiii:.* rtUtion litthc iH'wdHtot'k ri ntnit. 

diumf'V'r of <‘aeh of tho u>st ; li - tlio loading 
of the t'aiig<‘ ; and A - thi* inac 'itracv. Thon > 

A . -/ - 1>.(II; 

The iimcciiraoy m this casi* is the distance’ hinwo<*h 
the axes of the* two o'ntrf'S iu the plane rhoHini. It 
U iodicautl in Fig 35. w’hich represents this case. 

To make this u,>Ht complott^ the loose heudatock 
mandrel sliould occupy each of its two^extmme 
positions (as shown in Fig. 34;, and the rosiiUsof the • 
two tests compiired. Any dilTerence Iietwcen the 
results will indicate the obliquity^o( the aRis of the 
headstock inrrel, if the accuracy of^the bed guides is 
beyond suspicion. 
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In Fig. 36 ig ahown another method o( testing the 
relation of the loose hoadstock centre to the driving 
hoadstock centre. In this test the assumption is 
made that the centre socket in the loose headshxik 
mandrel has Is'en accurately located. The apparatus 
required consists of a short centred rod in which a 
lient arm carrying a micrometer Jicad is scoured. 



Fra. 85.—Oiagnm iUuatnUins mitie tH(l oonditiaoa 
The positions of the bent arm and micrometer head 
are adjusted until the end of the micrometer spindle 
just touches the upper surface of the loose beadstoek:; 
mandrel. The reading of the niicrcmieter is ootedi^ 
and the rod then turned through ISO degrees, 
^le reiSding of die micrometer for this poeiUon iR. 
also noted. This process can also be applie^ liiF' 
obtaiD si^e measurements. If the two centres 
dsaetly in line thdrs will be no difiereuoe 'fae tw iiji af ; 
the two readily'' If there is a differenee, hovmmii 
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the eliKament error for the given jxwition of the 
looae hewfiitock can lie delermint'd in the follow¬ 
ing way: I/'t It ■« the diffureiice lietwecn op|w«ile 
readinga of the mieionieter. and K the alignment 
error at the extreme jmiiiWof llio eenirea. Then, 
practioally :— 



Sie. 86.—Alternative method of tevtinx relathm )>etwi«n lathe 
hewUtock O'litna, 


X and Y being the dimenaiona indicated in the 
figure. 

A method of tenting the looae headatock oentre 
respect to the axis of llie driving spndlb or the 
•suit at the lathe is indicated in Fig, 37. A short 
ttMfi'jbar ot block, T, is secured in a ehuclf, mounted 
driving apindle. The loos! headstock oentre 
^6 then hrongfat up to T, and causdd to penetrate it 
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wlit!ii this is st'iti iM'iry. Tlio cmitro is thfii tnovpd 
itway from T to iiiiiko room foi the Krouiiil Inir li, 
which is luxiiratflly |K>iut>si at one cml ami providtsl 
with an accurate (•i-Mlri' hole at the hole at the oth(‘r. 
When the lathe driving spimlle is set in motion, if 
the loosi' hi'adslock is correctly alia'iied the har B 
from end to end will run tnii', -^ud if a test in¬ 
dicator I is plaetsl in contact with this liar as shown, 
its reading will not show any ehani;e. If, however, 



lh(i centre is not corn"ctly dia|sia<sl, the indicator 
reading will vary, the magnitude of the variation 
do|iending n| on the degree of error and the position 
of the indicator with respect to the end of the bar. 
When the indicator is platstd at or near the pointed 
end of "the liar, the alignment error is practically 
half of the dilTerinice Isitweon the niaximuni and 
minimum readings of the instrument. micrometer 
screw gauge is not as useful us a test indicator in 
cases like this, since the action of a test indicator is 
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pmctMl) uutotiiAtic, whtHviw KtIjuxtinciU't of th(* 
microinoirr hnvi* alwjus to Iw iniuit* liy hiinJ. 

A Kijopl** tost of thi* nhfittimrnl of tlji» two 
iii\a)v("4 th<’ nx' «*f >1 )>hun p'outHl c) lihilru'ul U‘h( 
liar u'Uii u mito' holt> at I'ltoh (.'Otl ai'iMimU'ly foitiK-ii, 
ThiH Imi jilacoii brtwfi'ii the rontn*-.. ainl a mirro- 
iiiOU'i’ or wi'iirator h iiiovitl iilotk^ tin' or in 
ih'* n in tvtjtaot with tho i»!U An\ tlilToioiuv 

iM'twcon tho rod rojiilni^ts ropO MOitH tin- 
orroi of tho itoihn. Th<* lon^'lh »>( l1»f lost bw 
shftuld Ihi «‘()nul to uUnii '•ix Imih h t)io lioif^ht of the 
ct‘nin*». If tlu' <hivnn' spuuUi* omtro nina irm- the 
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ahgumfnt-t«9t p-kuIi id thin taiso will not In- atTwai-*!, 
but if thon* in auv iiiiicciiracy (tiowovoi H!i>ibt; in IIh* 
running of the fciilr**, it woubi U* iidviHJiblo U* w't 
the driving Hpindlo in iitotioii and take ihii! avemg*' 
of the maxinniui and miiuiiumi rcmliiiKM of tiu' indi¬ 
cator or ttauge at each end. If the two averagi'S art* 
e 4 )Ual, It may be aafely a»*iunit!d llial the average 
aiigiinient of the centred n* oorroct. 

fn place of a ground teal bar of uniforr# diameter, 
sometimes a bar as repreaentwl in tig. JH is err^ 
ployed. As will be seen, near (racb end of the Ijar a 
abort collar is secured, mch of»lbese latliig liardened 
and ground exactly to the samw diameter (lietwetii 
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S »od 6 indiKR). They »ro also concentric with one 
another, so that when the bar is rotated they both 
run quite true. 

It should lie observed that when the indicator or 
micrometer is secured to the slide rest, the align¬ 
ment of the oentn-s is with respect to the direction 
of motion of the slide rest; when, however, the 
motion of the indicator or micrometer gauge is con¬ 
trolled din.'ctly by the guides of the lied, the align¬ 
ment is with rns]s!ct to those guides. In an nccumtely 
built lathe, of course, these two alignments are 
identical. 

Spiiidle Siise Test .—This test can be n>ailily jier- 
formctl by means of a test indicator or micmiueter 
screw gauge, piefen-nce being given to the .former. 
This instrument is held rigidly, as for example, in 
the tool ]x)st or clam|is of the slide rest, and the end 
of the contact finger, button, or s)iindle is placed in 
contact with the outer surface of the nose or flange 
which is formed immediately behind the threaded 
part of the nose. 

When a test indicator is us<>d. it is [lossihle to per¬ 
form the test with the spindle in continuous rotation; 
when a micrometer gauge is in use, however, it is 
necessary to move the spindle round intermittently 
and to take readings only when the spindle is at 
reft. All the readings agree when the nose runs 
true. 

SpitvUtmDtaring Tests .—.\s a check upon the teats 
made on the driving headstock during construction, 
it is desirable to test the spindle bearings when thfl} 
lathe is finished. The function of these tests is to 
determine whether the common axis of the two 
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bMiiogo is coiiicidi'iit «iili iho l»tb<) axis, that is, 
ttio imaginary line joiniii)? tin- two ontix* |ioiiilK. 

The first lest chts'ks lliis irlntioti so far as the 
vertical jilain' is conceriKsI, the isvoiiil h'st deals 
with the relation in eoiiiiiction with thi' hoiirontal 
plane. 

The appaiatus usisl is liie s,une in each test. It 
is illustruto*! tn t’la. -ili Tins a)>p.iiatus consists of 
a lontf Oyliudiical lest Imr, eentnsl at its two ends 
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aud moiitiU'd jH*twn*n ihi* c<*iitn‘H of ih<‘ latlir*. In 
this l)ar in fixed a coni|Nniii(l har or arm fMirnilar to 
the one shown in 30;, in the outer ( lul of whieh 
is secuixMl, by the method shown in Fiji, 3(», a micro- 
UBcter head or U-wt iiidrcator. Th<? mctiiod of gripirin^f 
the compound arm in the I>ar should, if irossible, in> 
dude the use of od«^ or two ta|H'n’d wedlfr^s t>r a 
Nxme, BO that the grip is obtained without damaging 
distorting either the bar or the arm. On the nose 
the driving spindle a face plain is mounted, and 
MCtom the front face of this a light dut is talceD. The 


u 


TKSTJN'U. OF MACHINF To»>I.S 


contiif'l (ingiT of iht* indicator or the ^pindlcof the 
iiiicnniictcr is pliuHni in contact with the face plate 
at its hi^du'sl point, anil the reading' noted. The 
central Imr and indiealoi or iiiiertnneter are then , 
8Wun^,Mhroueh IHI decrees and another readint? is 
taken, that is. wln-n the indu atoi or mieronietcr 
occujiies Us lowest jjosition. If the two reading'* 
a*;r»‘e, we know that tlie axes of the two hearing's 
arc at the same height alwwe the shears of the IksI. 

If thertf IS a dilTerence laUwem them, however, the 
differenee in heiehl Isuween the two axes ran hi* 
determined as follows Let .1 ■ the dilTerence Ik*- 
twism the two reiwlintts , // « the ilitTerence Inlwei'ii 
the heights of the iwo axes : I - the diatnetial dis¬ 
tance Ixjtweeii the two points on the tace^jdate at 
which the reiuhnes are taken . and //-^he horizontal 
distance In'twcen the vertiesil eenlie lines of the two 
heuniigs. Tlien, hs applying; the pniiciph- of the 
pto|K)itionaIil\ of sinnlar mangles, we ohialn that— 

. . . (13) 

This is ilif! vi'rtinil I'lior of aligiiini iil of ilu' hcjiiiiiKs. 

Tlie lioi'iKoiihil or triiiisvi’i'sc rrror of itliKuiiiciil of 
the Iwnrings is olitiiimsl in iiri'cisclj thu same way. 
Itnittiings of ihe iiiilicator or inieroincU-r are taken at 
the front and back of the test liar at jioints which 
are diaiuetrically opiiosite, or apiiroximately so. The 
actual delenninalion of Ihe error then proeewls on 
the aliov) lines. 

Slulf /loff Movemfut TV.o'i.—These tests have, 
respect to the relation which exists between the 
movements of thie slide rest and the axis of the 
lathe. Their chief funotinn is to cheek the accuracy 
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of inovi'inrnt". though inculentallv ’•oiiif of 
thoHt* U'sN fhivk th** an'unirv cf t!i(* 
iind relations <>f oilnr parts, 

TIh' 4«‘ o*sis ill iiiMih <*asi- in\.ilv<‘ tin* taking 

of A Hull! ‘’nt in »‘ith»M a «*r tniiis\»‘tsn 

JinTlion, iiihI riuix tlivul'd uito ami 

tniiisversi* t»'sis. 

Tito lonu'ittuliiml trsis with lh«* H'latinn 
IwtWfen thi* unIs ()l l)ji* lulli*-and the m of 



tht'nltdo n*sl as a v\lio!i‘on tin* l«'d. ’I’ius udalioti 
should, of ciMUHo, 1«* oiJ“ of pumih'lisiu. 

Ill one form of ihin tost, a list niundo ) is nsod 
whifh Is sockot*-d iii thodiiviu*: hr fulstocK Hpindh*. 
iiH is KidioaUsi ill If^ f)u this tost Imr aro 

8cn*weil two cast iron or stt***! coltarri, ih* s«- pioHsii)^ 
against shouldois fonncil cm tin* lur. ('Hioi oiid 

of the har is fns*, A it*rv huhl eut is taken over thf; 
two collars with the saim* Hcjitinn of ih« turning tcx*l, 
the cut liaviiig to Im- a lij^ht for fwo ifaHcma: 
first, HO that a sinorah nurfac** i»ay U* pr*nlnwd on 
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each collar: and second, so that praolioally no wear 
shall occur on the cutting edge of the tool to aflisct 
the diameters of the collars. The diameters of the 
collars arc measured hy means of a micrometer screw 
gauge, and if they arc found to he equal it is as¬ 
sumed that the slide rest travels in a direction 
inrallel to the lathe axis, and that the lathe will turn 
parallel work and bom a |)arallel hole. In some 
cases thn.'o collars are mounted on the mandml and 
treated exactly as the two alatve. This arrangement 
is reganled as being superior to the two-collar 
method, since, by means of it. it can lie determined 
whether the lathe will bore a hole having a concave, 
convex, or parallel section, taken in a longitudinal 
direction. c 

Variations of the aliove consist in driving the tost 
mandrel by means of a chuck or carrier and driving 
plate, and also in supporting the outer end of the 
mandrel on the loosc-headstock cmitro. 

Another method of testing this relation for accuracy 
is illustrattsl in I'ig. 41. This method is an eloctro- 
micromotrical one, and involves the use of a micro¬ 
meter semw head and an electric circuit. The 
electric circuit contains a battery of cells, B, and a 
telephone receiver, buzzer, or eleclrio signalling bell, 
R The micrometer, M, is insulated from the lathe, 
Iwing held in the slide rest between vulcanized fibre 
washers, C is a rubbing contact or brush and is 
always in’tontaot with the test bar, which is driven 
from the driving spindle in one of the ways 
detailed abqve and supported at its outer end as 
shown in the figure* When the miorometsr comes 
into contact with Iho surface of the teat bar, the 
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eironit if) comj>lt‘t«(l and a sliarp click ifi hi>anl in the 
receiver. 

In this tost, till' tost bar is sit to run ii iic in the 
.JAthe, as shown in Fi)t. tl. Tlie niiennneter is tlieii 
set to Kive the click in the receiver, and its niadinit is 
noted, .\fler this it is moved ailing wiili the alidt' 
rest to the otlter^end of the liar, atid the same process 
is passed through a(?aiii. If theie is any dilVerenco 
between thii two readiiiKs it is diiectly proportional 
to the error iti Ihe movement of the slide rest. Ity 



ibis method it is isissiblc to obtain a readinK at any 
point in the lengtii of the test Itar, and so determine 
wbe&er there are any local errors or not. 

In one practice the method of htsting the cross 
■tide of the idide rest for rectangularity involves the, 
itss of a special test itieoe, as illustrated in Fig. 42. 
This test piece is provided with an anuitlsr channel 
vvfaieh forma two annular rings m the piece, and it is. 
■Monlad directly on the noee of the driving spindle. 
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A vi'ry lif^hl cut ih taken over the cixb of the riii);s. 
The surface'* foriiieii are then touted in the manner 
iuilii:itU'iI l>\ means of a tested strni^'ht <»l;’e. 

This str.iielit edije is |ilaccil (Immetncally across the 
test j>iece, and if tfic eross inovenieni of tfui slide rest 
is at richt unx'le-i to the s|iindlc and lalho axis, the 
s raiiJht (»li!e will touch the annular suifaccs at the 
(loints indiiMted by the ariowhuads. If there is a 
a(su'.n hetw'uen the innoi' rniK anil the straioht ciliio 
it IS obvious th Lt the lathe will facew'oik hollow or 
concave, whereas if there is a s|iaee hot ween the 
ouUir run; ^1"' airai('bt edfie the work will lie 
faexsl convex or round. The former condition is the 
better of the two and is, in some wises, aetiially 
aimed at, the v.iriatioii, which amounts tA about 
O'lMIt! in., heme deteetisl by the use of hard thin 
Iia|s'r between the plate and the slraiuht edue. 

In a slii;htly dilTereiit form of this test a test face 
plate is used. This is nionnusl directly on the driv¬ 
ing! spindle, as shown in l'’ij>. 43 at P, licht cut is 
taken across the face of this, and the blade of a tested 
sijuaie, S, IS then hrouftht up aiiaitist it. The stock 
of the sipiare is placed on the bed of the lathe, H. 
This leal chisiks the relation of the cross slide to 
the Iasi of the lathe, and it also checks the ndation 
of the axes of the two heariiif's of the driviii); head- 
Htock to one another. 

Meilher of the aUive tests is a quantitative one. 
,In such a test a micrometer liautte. or indicator, 
which will lead to at least O'UUI in., must he used. 
In this cate, also, a face plate which is lightly 
faced is made use of.* .\fter the facing o(ieration the 
measuring iiislrumeiit is secured to the elide rest, 
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ami two rojuhni*'- wiih o‘s[Hri to il»* 

of thn om* at a at f»r u>\\ inU th*' fn*nl. 

such as A (Kju' 11, uliicli i'* a |>ijO! .iml the 

other at a |M»ini A, to it and at 



the same diHiauw* Iruni tin* wtitre of the }<la 
Wlmii the ct'Os>^ slide >h moved aeioas t 

Kcuidlcof the slide rest, asahouII h> the amm I 

latter must b<^ gibla.^d securtdy to the ImmI so as 
admit of no lon^itiuliim) rnoTeim^iU The two rec 
iogs should either agns' or cliflcr only hy about t' 
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or thriHi tlioiiHAndths of an inch, the hack reading 
Ixiing the smaller of the two. 

Thi* explanation of the principle of thi^ teat is 
that the straiglit line joining two corrt'sponding 
points in the snrfac** of the plate, which arii dia- 
niotricidly opposite and at the same distance from the 
centre' of tlie i>late, is a lino whitih iv exactly at right 



Kio. of teittiii); transv(>rs 4 ' ai'curiu'y of Hlide retit. 

angles to the axis of the driving and lathe. There¬ 
fore, if the cross alitie is dispcwc'd across the bed of 
the lathe at any angle other than a right angle, the 
direction of its movement will In* slightly inclined 
to this ime. the obliquity IxMiig indicattsi in Use 
manner Mated. 

If it is not convenient or desirable to take a li^t 
out over the face plate in the above test, it is possible 
to make the tests with a face plate which maj be 
assumed not to ran true whether it does <»: not* 
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In this tli»‘ two triidinpi nrv lak»‘n at oxacti) 
the saiiip point *m Ua* (aor plalo, lh»‘ fattor Ihmuk 
H wuiif; thruu;^it hair a nwoliiiioit U-foio tfio Atroiid 
reading is takon. This im-ihod will loriulta 

et|ual to those* i»hiain.if)lo in tin* }vU»vr te-^N 

7. Tests on the Bed for Wear, Tin- wou wlm-h 

hftH wcurrod u,. a laili** Usl ina\ !»»' tlflritniiiod 
t|nalita!i\<‘i\ hy nt**ans ot a siminht tslui*. To 
tlf‘U*i'!iiiti(‘ It Hi lioth tin- hoii/ohtitl 
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and Vortical plaiioi*, the ap}>ii,ratus hHowii in 4/> 
can b(> ustd. This Hpimratus consists ot a length of 
St^d wne of a Hroal) tiniform diaTnctcr. such as, for 
example, slwl piano wire. This is attarl|ed at its 
^two ends to the centres of the lathe in the manner • 
indicateii in the Huhjoined diatfrum in Fig. 4>’). and 
then slretche*! light Ixjiween them. Micrometer or 
indicator readings will show whether there Ik any 
wear at one place, such hh A, with reapect to any 
0 
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Ollier plare, kucIi ik Ji. whilst inti-rmediate reiidinus 
(Imth horizimtiil innl vertical) will indicate the esteiit 
of the curvature (if any) of the laal and j’uides due 
to wear. In these tests, which are really old-lathe 
teals, the inicrmneler or indicator may lai moved 
illotiK the In-d in a s|iecial holdei, or it may he held 
in the slide rest and moled alone therein 

Several of the tests which have been de-crilN'd in 
cotiin'Ction with tlie ahenine of tin* centres and slide 
rests are also a)i)dieahle in this case. 

H. Lead Screw Tests. The chief function of 
thus., tests is to chi'ck iheaccniacy with which the 
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lead screw thread hashi'cn tuiiiicd. In other words, 
ill tbesti tests the pitch of the lead scri'W. which is 
usually a aitinle-threaded screw, is checked from 
point to (loint in the lenitth of the screw. 

Those tests can Iw performed wiih the lead screw 
(« situ in the lathe or in a sjiecial testing machine. 
In the majority of cases the former is adopted. 

The rei|uireinents of these tests arc means whereby 
the advance of the saddle of the slide rest for a defin¬ 
ite revolution of the lead screw can he obtained. The 
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tnoasuriui; UHtruin-Mil whirli is }4on<‘i:ill\ miplovt^l 
in ihr lath** Usl^ is .i nucromrU-i of soiih* Joiin. 

Fn oin* foniiof tin* OM .i plain iincioiii«'l«*i lu*a«l is 
nionnU'tl mu Tutm^'uhu’li is capablr ol slulim^ on. 
and U‘in)^ si'cnnsl ri::ully u>. tlu* IhhI of ilu* latho 
Tli»- AMsut till* nm*rom'‘irr '•pmdh' is dinjHisnl puiullol 
to the axis of ihr 'ullir. aiitl lh«- «*nd of ihospuiillo isar- 
raii:;t>«i (o work in oiuil.o'l witii u spi-ciallv plumsl and 
sciapotl stjilac**' til ihf siiif ol jhf su'ldlo. An\ 
inovtiiwnl o{ lln* sud«llf with tin* iun;^fot i)u iiisini- 
inonl (MU Im- mc.tsMrt‘'l, aiitl as soon us tin* linnl <if 
llu* rapaciiy of the m-'trunuml has lu*ri. rriudiod tin- 
inu'ioinotoi fnisii;; can h«! nioM'd aluti;; th>* hotl anil 
the inicioiiH'tor spmdh* si*i afivsh. Thr di-linilt* ro 
lalion ol* h ad sc!f\v can lw‘ohlaincd h\ making 
use of the tao' or the snilacc of the run oJ a laev 
plate. On this face or sutfii 4 ''‘a tine line is scnlHul 
hy ijh'ans ol usuiface uau^e or senliin;' liloek re-.Linj4 
on the fil'd uf tho lathe. If t’<pial chan<^e ^r.ii wheels 
are (‘inployt d Ixilween the tlriviii}' spimlle anti the 
lOitd screw -then foi each turn of the fare plaieacoin- 
pleUi aii'l exai;t levolulton will In* made hy th(' ie:u{ 
screw, jjy this means vaiialions in pitch p' l revo. 
lution c:tn he dt'lennined. If a closer test i-s reipiiinl. 
the Hurfact* o! tin* face ]ilate has U) In* divided into 
two or four i*(pMl }iarts on a diviiimf.; machme or 
universal mdhnt' machme. In eiudi case, of course, 
the needle of the scribing block or surface 
^ade u.se of to di'terininc the amount of revolution 
of the face plate and lead scr<*w, that is, whothei it is 
a whole or a fractionul turn. 

Another method of measurint* l^e advance of the 
saddle is iiidicatfsl in 46. In this cast* two 
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fixluroH or plates csiTyiiiK vertical cylindrical pins 
am usal. Unit of tliose is fixed rigidly and ))orma- 
nently (for the ]iur|iosCB of this test) to llio saddle of 
the slide rest. The other is fitUsl on the Ijcd and ar¬ 
ranged so that it can Ihi moved into any position on 
the lied in a longitudinal direction and secured rigidly 
therein. The axes of thi‘ two piiUi are arranged in 
such positions that their coinnion plane is (larallel to 
the axis of the lathe. Itetwcen these two pins an 
inside micrometer gauge or test indicator is used to 
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determine the movements of the slide-rest saddle. 
Otherwise, the Bwdas iiperaiuli is the same as in the 
above case. 

To obtain local inaccuracies in the pitch of the 
screw it is not necessary to make each setting of the 
micrometer bear a fixed and definite relation to the 
one immediately preceding it, but if it is required to* 
obtain the general or cumulative inaccuracy in the 
pitch of the screw for its whole length, it is alisolutely 
essential to move the micrometer or the gauge 
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cylindnr an cxa('.t miioiint i'AcIi In tliis latter 

tawi; the exact iiiiiouiit cm alwaye Iw olitainol hy 
means of the iiiicronictcr. ror the ilctcnniimtinii of 
ho te'iicnil or ciiniuhitivc innccunu'v a loiijj ailjustiihlo 
inside mirromcli'r ipmec is far more suiialile than a 
ghoit one, sim-e its «S4- involves fi'wer inoveinenta of 
the inovahle e.iies. pin on the hisl of the lathe 

In the praeiii'e of •.otno works the lead smew of a 
lathe is tisted for leeuracr of pitch hy plannu it I"'- 
tween the centres of anotht'r lathe llhe lu'ciiracv of 
whose leal screw in reeard to pitch is a matter he 
yond dispiite) and eonneeting up the two as lor the 
cutting of a screw with a thread having the same 
pitch as the ono to !«• tostwl. A micrometer or lost 
indioato. is used to duterniine the pitch inaecuriwy, 
if any exists. This instrument is stsnired in the tool 
post or clamps of the lathe, the spindle or eonlacl 
finger of the micrometer or indiavtor Is'ing held 
against the edge or side of the screw threiul. Aasiim 
ing the pitch of the testing or master screw to lie ac¬ 
curate from end to end of the screw, this lest will 
show both local errors and the general or cumulative 
error in the pilch of the threail. 

An improvisl methiMl is to place the screw in a 
special lead-screw testing machine, one form of which 
works on the ahove principle, hut which is generally 
more accurately hiiill than an ordinary lathe. 
Moreover, in such a machine art' usually inenyxirated 
refined methods of measuring small distances, t1xs«> 
Iteing ohiefly microscopic in character. In another 
form standard end or length gauges are cmployeil to 
obtain the required measuremeutsi ^ 

Conceming the degree of inaccuracy of pitch which 
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i« |M*rrni«sil)l«*, it may Imj staUnl that this varies con- 
Hjd**rahly. Thus, in tin* pra<'.tice of one firm of latlu* 
ImiMfrs a cumulative* error of tK)I in. in a length 
of M ft. is allowed, whilst in lie* practice of » 
au'Jlher film it is much less, heing only (MK^) in. 
in fi fi. 

\t. Slide Screw Tests. In thi,s'‘ tests tin* ac¬ 
curacy of the* (lin*arls of tile cross and lop slide* se'i'ews 
is che'cked. They an*, howevei, fn'ejuently oinitUul 
from works’ scli'*nn.*s of ie*sis. TIie'\ can in* per- 
fnrmi‘d in any of ihi* wa\s indie-aiesl aiiove*. the per¬ 
formance of ih‘» li‘sts in‘ingfacilitated wln-u llie* screws 
are* cepiippisl willi rincnum tiuiallN graeluate-d dials. 

U). Test Report on Lathe.—ln an np lo daie* 
nnudnno-lool inanufucinring works, a r«'i>ort*is uive*n 
hy ihn inspe'cior tir te-ste*! on e-very lallie wliieh 
jmsses through his hamls. This iTjxut is arranged 
so that refere*uee to it is an eas\ matter at any tune*, 
and HO tliat an e*\ammation of it ity a pros]H*<‘tiv(* 
luiyer will reve*al the more salient fe>alure-s of the* 
lathei in i<*gard to this epicstion of the aea'uracy of 
IMvrls. 

'I'ho form of the* report varies eonsiele-ialily with 
ditTeront linns. The outline* e>I one such form, which 
coinhines tli« best filatures of r«*|K>riH of tiiis kind, is 
given in the Apja'inlix. It shouM lx* understood, 
however, that the* jmiticular form of tin* re‘))Oit in 
e*ach cast' depends largi*ly upon the nature of the 
tests wiiicli are a^eplied and upon the way in which 
they are carried out. Then*fore*, since the test 
methods m different we)rks vary, it is only to lx* ex- 
pectcil that insp(*ction test rd)X)rts vary also in their 
contents and their ariwngemout. 



Tr.STS <jX MA('1IINr.-1(MU. KLKMI NTS H7 


TriiUKT Lathk Ti.hTs. 

Tht‘ prirK‘n>nl irsi f<>r it» tbW caso 

is that ii) whiclt tlv of nu-h of iln- holt-s in 

ho HUTol luMil i-* with r»-s|n*ot t(» th*- |>osiiion nr 
jJosititMiN of fh«‘ ihivniv" spnstlh' in "jiitulhs of iho 
maohinr. lViciuMll\ all tlo* olht‘r an* simtlar 
ihoH.' whirh hnvi* hn'it ilmh m connection 
willi the te’lMiu' of tin- ♦•ni'im* latlu*. 

fti on*' f-irm of ihu ir-l n is iuico*«surv to imo a 



^toum) h:ii*li*n<s! si.s>l ti-si jilu'; which just fits in 
each of the Hind hole**. A sini|il«* inicroineUT or 
test imiicator ih thus! at the oxl of a Ik'hi ann (an in* 
dicatc<i in 17). tliis arm earned in an ar* 
l>or whicii is secured to the ditvinj^ spindlb m Home 
way AH. fur cMunplc. tliiou);!) the mediun] <»f a lath^ 
chuck. The sjjuxlle IS loiated hv hand and carrif*s 
the micromder or indiditor ri'iind with it, cnaldintf 
a nuiulH i' of readings of the iirnttuinenl to be taken 
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in Uw rovnlutiim. Pour piuceH are usually selected, 
these lieiiit; situaUsl at the top, Ixitlom, front, and 
Imek of the pluK The vertical error is one-half of 
the ililfereiiee UuttBeii the first two reailiiins and the 
horizontal error one-half of that Isuween the others. 

To test the accuracy of dis|Kisition of the turret- 
heail slide, eorres|ionding reailings are hrken with the 
turret hami in another position, as imlicatud hy the 
dotted lines in the figure, the nioveincnt of the head 
Ixiing ill the direction of the arrow head. 

.Mii.i.iso M M Hisn Tksts. 

The nature and function of milling machine tests 
vary somewhat with the type of thu machine, but, 
speaking generally, the same fundamental principle 
underlies thuni all. 

1. Levelling Tests, -These uists apply chiefly to 
the tables of these machines, and arc usually {ler- 
formoil by moans of one or more spirit levels, the 
method of application being the satin' as in the case 
of lathe-lied levelling tests, though any of the other 
methods applicable in the latter cast' are also appli¬ 
cable in this. In each case, the table should be 
testod for IkhIi longitudinal and transverse horizon- 
tality, with the table in its middle position on the 
saddle or clamp lied, and the latter in its middle 
position on the top of the knee or bed, whichever 
form of support is used. 

a. Driving Spindle Tests.—The first of these 
teste is tlial of ooincidence of the axes of the driving * 
spindle and the cutter-arbor socket which it containe. 
This is perfbrmed by means of a special mandrel or 
proof liar and test indicator or micrometer screw 
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g»ugR, the iDAmlrel or proof her beinf; sockeleil in the 
epindlesiKl the ii«lii;.itor or micnrnii'h'r lieiiiK inmintiHf 
on the tahie of the iiiachinu anil kept in one pliico 
thereon. 'Die ton! ie Biniiliir to iho eorri‘«|)onifiiiK 
lathe lost. 

The wxwu! tost has loferoTici* U* tho n'liition 
between the i!ireelii)n of th" diivioi; spimlle asis anil 
the top of the iiilile. Due inuthod of perforiiiiiijt this 


SemiT LEVEL 



4H. Miilitii' iniHhiix’ tfsi fitr |>iiiaU> lif>iii. 


testis indicated in I'le 4S. In this test, if the spindle 
is horizontal and the ciittui iirhor sts’ki i has, h\ the 
previous test, Issjn shown to tie correctly disposed in 
the end of tho spindle, a test or pnxif l«ir with or with¬ 
out an outboard support in tho overlianiiiiilf anu is 
'used. This liar should tie of uniform diameter and 
admit of the use of a spirit level on it, as_ shown in 
Ihe figure. The oomiiarison is ohtaiuod by placing 
the spirit level also on the table kraosversely and 
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noUiiK thp two roMuIU. In the hccoikI form of this 
test, a tost indicalnr or inicronieter is uswl, this iK'ini; 
inovisl iii'.ross Uie latile Isitween t!ie latter and the 
ter-t har, either with or without parallel test strijis 
imderiiealh it. In ordiuart ca-«S3 the teat har and 
the table tO|> ahonld lie nearei to one another at the 
outer etui of the har than at the o,iher end by, •«)•, 
one or two thousandlhn ol an inch. 



flu. to. Mllluie maehute '|ini'lli' leit. 


When the drivmi’ spindle is vertical (as in 
the vase of vertical milline maehines), a tost bar 
which oames a micrometer head or test indicator is 
used as'indicated in h’i)’. 41). It will lu' noticed that 
the teat Iwr is socketed in the spindle, so that, when 
the epindje is rotiUwi, the micrometer or indicator is 
carried round with it. lieadmpi taken at )x>iDts 
which are diametrically opiio.site will indicate the 
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d*‘grtH‘ of eiroi lif any exists) jn llie ulis'nmoni of the 
Apimllt'. 

Anotlior test wliirli is )HMfonn« d clieckH 

t.ie of the oi]tl).uid heating support iti the 

overhnn.'in^ ann with tesjxMM to the driviin: sjundlo. 
In ihw r;txo, iIh- inntlioti iuliipt**(l w sunitai to that 
whlrh js shown in Ti;;. 17, tiii» tiinm heml In'inj* 
ivpl.o'od h\ til** ot ilin *)V*'i Imtmmj; unn *if tin* 
inilhng in;M‘hit)>‘ 

•I. Cutter Arbor Tests. -Th** lusi nt iIkw losts 
I'hec'ks thu It nth of innnin;;«*f ih<*.uhn> when it ilotm 
nut jthur nmisIhms, tints, or riin«'r. A tost 

iiultcaiui ns**il as ni lit** i-orrosmimiini' spjntll*' lost 

is all th.it is tf.|mr*-(i. 

Tlu‘^*'Cii’ *1 tf’St is }»* rf*»nMril Nsln.'!i tin* \Mislii*rs and 
lints arc* in ilnni trspfciiM* plac*c*s. iljr nuts Immiih 
ti)ihtc-tH''l up It lIuTo Is atn iimivuraet in tin.* 
tliiokij'-ss i»r f’liiinjj; of the \MisheiH. th*- *ifT*-c*t of 
li{{ht*‘inng u)* the nuts on th*>arhoT will lx to h«*h4l 
thoaihor more or l<*ss sliijlitlN. ati'l so thiow n onl 
of truth v\}i*-n itnminu. Ko.nlin^'s should li*- taken at 
the; c'tids of ih**ai!w)r. A sli-^hl m*Kl)tii-.ition of this 
U*Ht iH to monm ihu arhor lH'iw«-i-n tiNcd <-<-ntM's arnl 
then t*‘Ht for rutiuiii)' truth h\ th** .ippli(*ati'>n oi a test 
indicator or mieronn-tor, the ditVeieMt*** h<‘tw**eu the 
maximum and minimum n'adm^s at any erne jiliun- 
Iwing cipial to twn*** tlu: oceentru ily or c*nor, as han 
l)ccn alreadt explained in contiee'iun with the rmi’ 
ning-iruth tests on latlies. 

4. Knee Tests. The knc.*c of a correctly hmit 
milling machine jK)Ssessi*s three features* ITrht. tlic 
knee guide on the column of the machine should lio 
exactly vertical ho that the- move luentH of the kuoc 
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are really vertical movements; second, the upper 
siirfaci' of the kins; should be horizontal in every 
direction so that tlie saddle is always moved on the 
knee hori/onlally; and, third, the actual ^niidingf ces 
on the top of the knee are parallel to the axis of the 
driving; spindle. 

The iirst point is tested hy meaps of a ciossor 
traiisveise spirit levid, a try sipiare. or a duail'Si)uaro 
Irianeiilar frame earrying a spirit level vial is one of 
its limhs. 1'hi.s is placed against both the front face 
of the eohimii and the dovetailed anide faces inclined 
to the front face. A necessary preliiiiiiiary to this 
test is, of course, the levelling of the table and spindle. 

Another method of U-siing this point is to use a try 
sipiare against the front face of the column and a test 
indicator or micrometer between the horizontal limb 
of this and a sjiecial arlior m the spindle of the 
machine. 

The second point is tested b\ means of an ordiii' 
ary spirit level plaissl transversely on the top of the 
knee when the saddle is close in and right out. If 
this test dues not show that this guiding surface is 
horizontal then, though the top of the table may be 
horizontal transversely, the machine will not be 
capable of turning out accurate work under all 
onlinary working conditions. To secure this end 
this guiding surface must Is' parallel m a vertical 
plane to the common axis of the driving spindle and 
cutter arbor, which is assumed in this test to have 
been cheeked for horizontalit.r. 

The third point can Isi tested by means of a test 
indicator or miorometer mounted in a fitting whitdi 
is designed so as to be capable of being moved along 
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the saddle stuides. This instrimionl is used in eon- 
janotion with an lu-eurately ^;rollnd test tmrof ninfunn 
diameter whieli is soekuted in tlie diivnif; s|)intllcand 
i>up|)orted in thi- overliaiifting arm. 

5. Saddle and Clamp Bed Tests. The table 

gaides in the saddle of a plain inaehine, nr the etainp 
bed of a universal iniwlnno. shouhl he horizontal in 
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the diret'tior* of the length of thi* table and Kituatod 
exactly at nght anples to the axis of the spindle. 

The first jtoinl is Wstod with a spirit level in the 
usual way. 

The second point is dealt with in a way siinilar to 
either of those shown in Fitts- 40 and M A test^ 
indicator or micronicter is secured to the end of an 
angle bar socketed in the cti I of the drivyig spindle. 
The apindle is moveil through a part of a revolution, 
and a reading on each side of vt is taken against the 



94 


TKSTINf^ (*V MA<‘HINK T(W)LR 


guides. If tli<‘ roctait^ular condition is sati'«fied, the 
two rra‘lin^s will aj^re<-. 

t>. Table Tests. —The relation of tin* t of tin- 
platon or taliir to ihn axis of th<‘ 'tpindh* ran also Ik 
tost(;d in tbr miinnet indicated in Fi^. oO, as can th< 
relation Uk* lonj^itudiiml slots in the tahh; 

and tin* spindle axis. !n these lalt<*r tests recouifio 
ina) have to be made to the us«* of an external con¬ 
tact lever on tin* indicator fas shown in the small 
view) in oidet t>i enalde eontarl to i»e made with the 
sides of the slots, th*tu;;b the use of a speeiall) planed 
an<l m'ra|M‘d strip in the slot will obviate the noeessit) 
fur this, in all thesi*. cas<‘s tlie readin;‘s taken on 
the opjiosile sides shouhl agree. 

Tln^rr is another nietluxl (»f jieiforming this lest. 
It is, however, only applicable in those cases where¬ 
in the machine table is provided with a clamp or 
swivel Is.d. In such a case, the bed and table are 
swung through IM) from their nornial position and 
clanij^ied there, use being made of the scale on the bed 
to dotcrniine this jiositiou. .\ test indicator is then 
ufusl in conjunction with a parallel arbor in the 
spindle to dt'lerniiin' any inaccuracy which may 
exist. 

In the case of univer.sal milling machines the jiosi- 
iion of the slot wliich guides the dividing head and 
fi)ot stock is of wnsiderahle imporunce. In pi*acti* 
cally every instance the tongues or wanls on the 
undersides of the hea<l and stock arc disjiosed im¬ 
mediately below the centres, so that it is desirahlc to 
liAve one slot in the middle of the table to take the^ 
tongues. Furthermore, it is desirable to Imve the 
vortical axis of swivel of the trunnion or clamp l)ed, 
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the coniiiioii axi'i of the divuliii)' hciiil iiml foot'lCH-.k 
cOHlres, »iiil tile coiiiinoii iixi'- of the cuUei iirhoi iiiiil 
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driving spindle so dih|H)3«i| that the first ipid second 
and the first and third intersect. 

The absence of this (nmdition in*k universal mill- 
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iiiK mauliinu nmultA in restricted iiscfulncfis, since 
such II cundition is (ini' of the essentini conditions for 
satisfactory, straight forward, siiiiiil, or, more cor¬ 
rectly, helical cutting;. 

Tile aliKnment of the cenli-al slot can 1)6 tested by 
the method indicated in h'ig. 01. In this method the 
table lias to lie swung through IMt degrees from its 
uornial imsition. On the table is mounted a test in¬ 
dicator, to the base of which a hook projection is 
provided, this projection litting against one of the 
sides ol the slot, and so controlling the motion of the 
indicator along the table. In the driving sjiindle a 
test bar of nniforni diameter is insertisl, its outer end, 
where possible, being HU])port(sl. Iteadings of the 
indicator are taken towards the twoendsof tho' test bar, 
first on the one side and then on the other, as in¬ 
dicated in the figure. It the slot is in correct align¬ 
ment all the readings will be alike. If not, the error 
of alignment at cither end will lie given by the dif¬ 
ference Iwtweon the two readings taken at that end, 
and it will he on the side of the greater reading. 

The relation of the three axes of the clamp bed, 
spindle, and centres is indicausl in the oblique dia¬ 
gram in Fig. 5d in which the line .-MJ represents the 
vertical axis of the clamp la-d. Cl) the horizontal 
axis of the driving spindle, and KF the horizon^ 
axis of the table centres when the correct condition 
obtains.. This is also represented in rectangular or 
orthogoiuil projection in the upper view of Fig. S3, 
tire letters used in the two diagianis lieing identical. 
When, however, the axis of the table centres is off¬ 
set the axis AB does not pass through the horizontal 
interseotion of the axes Cl) and EF. In such a case 
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«» ohsin-dotted lino K, K, would w,m.so«t the 
Wte-centre axis in flo 

tower view in Kr 53, tl.o vortioal axis would pass 
through An at a dislanc- fmm the horizontal intor- 
seotion of tho other axes. The dimensioi. v is the 
same in each diaRrsin, and is tho otfsot of tho tahlo- 


A 



centre axis with rospoct to the vortical axis of the 
■damp bed, or vice vorsa. 

The determination of this dimonaion can bo af¬ 
fected by means of a sharp marking tool gripped be¬ 
tween washers on the cutter arbor and arranj^td.with 
Ste point just in the upper surface of tho table. If 
the table is now swung round, a circular arc will be 
deaonbed on the table surface, the eentro of which can 
haieadily obtained by geometrical methods. The off- 
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<.IK 

snl (that is, J) csjuals tiie i)<T|)fn(iicu!ar distance be- 
twisjii tins point and the centre line ol the slot. 
Another nielhod involtes the use of a lest indicator 
and ethnilrlcnl gan^'its which can he mounted on • 
the talilc. 



(’lu. .ts.- Orthoitenst dmcrsiii xhesins relation betaeen 
t )irim'ipai ates of iiiilliiic iiiariiiue. 

If an odd nuinticr of slots is providtsl the oSset 
will Is' nothin^;. If, however, the nttmlier is even> 
there may or may not he some offset—more usually 
there is. To give borne indicatioti of the magnitude 
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of thin (fiinriiMOh, li iri^iy (x' sta^d that iti om* rii«' 
an otTnot ot I \ in. was found, ihw spvnlin^ an othnr 
vviw* tJOOil nnu'hini*. 

7. Feed Screw Tests. Tht sc tcsis rlurk ihn 
acfumcv with wliirh ihn scnn\ ihn-iuls n(‘r»* fomnsl, 
an<l ail) of sorno nnportanon simv milling' nuu'hinns 
Bii‘ i'»‘nonilly •‘ijnip|u'(! w.ih inuMoniHnrallN itiinhi- 
ale*! scM*w diuU t(* o-ad i<» a tliouhantUh ui' an im-h. 
(liinrt inf*a«*ui'ein<‘nt tifin;' di««p''n'«»'d anuIi. Tin* n- 
liahilil) of ku<*1i duls (h'jif'iid iipfn tln-afni 

racy of th'* iniclnn^^ ol il»« hci*‘\vs. 

Thf! tii>-tho<]*; of nurMh;* out ihi*><' t>'sts whu-h jiif 
applicahh* arc praclicalK tho’''wliu-h aic av.ul.ihln 
in the case of the lathe, with, ol eotiisc, inodilinalions 
tio suit th<‘ Hpxual cin imnitam'us of thoir application. 
All theihiio f*ai<l screws ate important ckunonU in 
the desii^n of a miilui^' inatdiiim, hut the nnisl im¬ 
portant for j'onural work is the vertical or elevating 
Screw, lienee, apeeial attention slmiild lie ^iven Wt 
the testing of this screw. 

H. Feed Rack Tests,—The test to determine the 
accuracy of the jtitchingof the feed tack and jiiuam 
(where sueh a (*<»mliination ih emliodied in the design 
of the machine in place of (he fet'd mtowj is cr>ridueied 
on the Hame lines as are ihe seiew tests, the rtnolu- 
tioDs of ihe feed handle or hand wheel l>eing related 
to and comi>ared with the rectilinear movements 
of the table. To obtain the latter, cylindi i^at jnna 
^nd plug gauges or inside micrometer or micrometer 
head are used. 

9. Dividing Head Tests. -Thedividing hoad-of 
a uoiversai milling machine is prpbably the mrist 
important eiement in its design. Its function is two- 
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fold, being the support and the dividing or indexing 
of work. The tests which are made to determine 
the accuracy (relative or atrsolute) of the spindle, 
spindle socket, etc., of the head are not very different 
from those which are applied in similar cases in con¬ 
nection with the lathe and other machines. 

Indexing tests are, however, diflerent They aim 
at testing the ivccuracy with which the dividing or 
indexing is {lerfarmed, and check errors which occur 
in the indexing jilates and In the gearing of the head. 
In all well-made dividing heads these errors arc ex- 
oceriingly small, since the indexing plates are engine 
divided and the gearing is of the worm typo wilh the 
worm hardened and ground to shaiie and size. 

One method of testing the worm fur aucufitcy is to 
give the indexing handle a number of equal move¬ 
ments each covering an exact number of turns and 
to scrilre a series of line lines on the rim of a special 
testing plate mounted on the spindle of the head. 
When the complete forty turns of the indexing handle 
have been made, the first and the last scribed lines 
can lie compared. If they coincide, there is practically 
no general error in the worm gearing. To check for 
local errors the testing plate has to be removed and 
the graduations tested in a siiecial dividing machine. 

As a variation of the above, a specially graduated 
testing plate and microscope, containing a graduated 
miotomeler screen to determine the values of the 
loeal errors, can be used. This latter method ala^ 
lends itself admirably to the testing of the indaxii^ 
plates, though this work is better done on a speoia! 
machine. 

Another method is to use a special test plau on 
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the epindle, th» haviiii; 40 iiotcliee in ito prriphc'ry. 
In conjunction with this a notch liiiKi'r monntcti in 
a fixture works. This finger is (Mpalitc oi Is'ing 
move<l in a liirpction tangcniial to tlic plate (leriphery, 
Its tnovements in this direction Iming measurtsl by 
means of a dial gauge. The local error iH'rmissilile is 
a movement of the finger of 0-0005 in., whilst tlin 
cumulative error in 40 turns tiiusl not exceisl fl OO'd 
in. on a Id-in. plati'. 


Dkim.ino Mu'IIISK Tksts. 

Many of the tests which hax'e Issm already 
descrihed an' also ca|)alile of ap]>lieation in the ease 
of the drilling machine, since many of the iiioveinents 
and the relitions of the various elements of the ma¬ 
chine are of the same general tyjies as in the cases of 
the lathe and milling machine. -An instrument for 
checking the disposition of a drilling machine table 
with respect to the driving spindle when no actual 
measurement is required is shown in Fig. -li. This 
instrument consists of a tapered liody, S, which 
contains a small coiled spring. This s|)ring presses 
on a concave die, which in turn presses on the 
spherical cod of a scribing needle or awl, N. The 
end of the needle is prevented from falling out of the 
body by the screw cap C. The spring provides just 
sufficient frictional resistance at the joint to bold the 
needle in any position in which it is placoil. .The 
Amanner in which this tool is used is also indicated in 
this figure, T representing the machine table, and S 
the machine spindle. 

A measuring instrument for this test involves the 
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UH(' (if It iiilcrometer lipail or test iodicAtor iu the 
end of an iiriii Rccurcd to an ai lior aoeketed in the 
driviiiK spindle of the niaehine. 



Kii>. 'll. Pnllniil innctiiiie test iiiilienlm. 


I’l.ANIMi Mtt'lllNK TkMS. 

1. Table and Bed Tests.—The principal tests 
which lira iinwle on planing machines are tests of the 
horisontality of the ways of the bed (whether square 
or viie), ti\))le or platen, and cross-rail. These tests 
cover both longitudinal and transverse horisontality. 

One method of making the longitudinal bed-level- 



tinsts on suniJNj-'h>oi. i.i.r.MKNis in:t 


inj? is indiriiunl in Kiu". -Vj In tin*. liu'Uit} \V 
a'presentH oui- u\ liu* \v:iys i.f \\\v lusl, S x juiiulK*! 
test hlixk, Hiicl I, X ti|>irit Irvel Tin* |>;iiui)nl U-sl 
1‘lock /wimli !«. ii;sjit‘nstsi with m tlw mthor r.irn 
crises of K^tniM* \v.i\si Is phioj'.l ill llin way as inJi 
caUvl, s\) Uml its top lais* is j»ractir,ill\ h-.ii/oiiiaJ 
trai»s\«.Msi*ly. The spini l<*vol then lonui- 

tmlina! Mit Uiiv to lii* oiitauusl tor this w:i\. or 
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the lovellino error to Ik* orothnrwiso »lc* 

tennined if the vial of the level is j^nuliiaUKl. The 
other wa\ is tn atod in oKactly the same manner. 

One raethiHl of makin^^ the inmsvcrso level kst is 
representeil in I’lg. 56. In this figure <* C rryjiroients 
*two test cylinders or standard filng gauges of the 
same diameter. S repiesents a }>aralle| lest block, f« 
represents a spirit level, and W \V represent the 
ways of the lieil. This test—as wrfll as the above — 
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should l» mode at aovernl places iu the length of 
the hed. 

In Kig. HI is indicated n method of combining the 
longitudinal and tranaverac levelling t<«ta The view 
ahown ia a plan of the apparatus required in its po- 
aition on the ImkI. Thia apparatua conaiata of six 
aimilar U-at cylinders, (I, four or .flve parallel teat 
blocks, S, anri a spirit level, li. With the arrangement 
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ported on a ajaHiial hlook on tlio wavs of the machine 
and a dial test indicahn' seennsl u> a s|H'aial lilock 
capable of (irinR moved on the honsiiiK f<tci s. 



F:o. 57,~CoiiiliiiitHl Iniif'ituihiml an<l tmitttmM' n>tH (in iiIhiiiiiK' 
iimchitK' ubie. 

Tkstk on Othkii Machisk-toouh. 

In the forcgoin); all the moat imjioitant aspecta of 
machine-tool accuracy teatint; have been dealt with. 
In the considerations, however, several machine tools, 
such as grindiiiK machines, Ixiring machines, slotting 
machines, and .shaping machines have not directly 
reoeived attention. This is because practically all 
* (he accuracy testa reijuired on tliesc machines are re- 
guiied, either in the same form or only very slightly 
modiOed, on the machines which have received at¬ 
tention. Hence, many of tlie teste \/hich have been 
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undfi oiIhm lu‘n<liii''s wvu lx* niiid^ to apply 
iiui!i*r ths. 


(iKNFHVL ()|5S|.|{VA I|ON-.. 

It should IwlKjrno in luind that 1 ho primary function 
of all iiuM'htm'.Uxii aixMiracy i-. the (jheck- 

in }4 of ihr \v(»rktiiitn4u)) ineorporyiod in the con* 
stniction and motion of tlie machines m) that thes** 
latt<»r will h** oapahleol' turniiii' out work whieli is also 
HC<Miialf. that is, a*-cuiat«' within tin* hniits ol en(»r 
which nil' periiii-adde ni each easi-. Hence, it is 
often advis'ihle l<j Ii-nI c'Vtam nmohine-t<M»l elements 
und»'rc«Midition*, which are-soniowh.it Minilai tolhosi* 
which are hk*dy to ohiam in the actual use of the 
machine. Thus, for exuinplc. it ma\ he advisable to 
list overhan^'tne niachine tool tables aiul nvlial arms 
for aceumey when these are niori- or h-ss loaded, 
aiinxMi IS known that, owineio tlieir cantilever form, 
ihcN are liah’e to delleelion under the iiillnence of 
the cutting' force or forces which are i ieated in cut¬ 
ting o|h‘rati()iH. 

A secondary function of maclune-tiKil accuracy 
listino ID tlic maintenance of a liieh ilejiree of fitting 
Ix'tween ou#(a^dn>; parts, and tlie leduetion of the 
frictional rcsistanees enconniered by the moving 
parts. This, of eours", Injars a ilireet ndaiion to the 
(piesiion of the inechanieal etViciency of machine* 
tools. 



,(h\iti:k III. 

MACHINK rotn. sl-l.l I> \\l» n.KJf lists. 

Thk varmnoHH wliu-h ocrur n» tin* <*i 

niacluno-tooU arc ilth t<i tin* IdIIowiul; I'iuisi-s, 

taken eillM'f Mnjjlj or r<>ll»*cti\rl\ 

1. l)itTer<‘nceM in tin* foniis of tin- e.iitinii' IjkiU . 

2. i>ilTorenc<s in the kiiuN of iMittni;; ojH'tudon ; 

and 

fi. Variations in the liiinensions ami shajies of thi* 
work pieces which have to he inacliined. 

Accoixlme to lh**s<» variations in desij'n. marhine 
tools can Ih' ciassilii^il in quite a nuniher ot wavs. 
Prohiihly the principal classification, howevci, is 
iiaHcd u|M>n the iliffeienlialion Iwlwcen the foiiiis of 
motion from which the ciittinj' sjn ed is (hns'iiyde 
rived. In some inachme-tm)) t>|M*s this motion ih 
iiiiparled to the work iimler (qa'ialion, such as the 
lathe, jdaniti;' ma<-hii)e, and honn;.; inii!. in others, 
to the cutting tool, such as the nulling machine, the 
drilling machine, and the shaping machine, and in 
another though ralhei restricted t\pe, to both the 
^work and the cutting tool, such as certain (orfns of 
grinding machine and gear-cutting machine. 

Whether this motion, however, is giueii to the 
work or to the cutting tool, it occuis in {irduiary 
cases in onlv two forms, naiiielv, ciicuiar or rotatory 

;1U7, 
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motion, and reotiiinear or rociprocatory motion. The 
hnsiH of the former i» an anfpilar Hp<!«d which is 
meaHiired iiKually in ii‘Volutioiis jwr minute, whilst 
that of the latter is a linear sjieed, which is- uaoally 
stated in feet per minute (KtiKlish system of measure¬ 
ment) or metntg iter minute (metric system of measure¬ 
ment). 

liOTATlONAL Sl’KKIt TbSTS, 

The chief machine-tools in which the speed is a 
rotational one are the various foinis of lathe, the 
drilling machine, the milling machine, and thi; grind¬ 
ing machine. I n connection with the elhcieiit o)H<ra- 
tion of any one of tin se it can lie readily shown that 
the various siwcds incorporated in the design of the 
machine should Ite in a geometricitl progression, or 
as nearly in such a progression as possible, though 
there are machine-tool designers who are still of the 
opinion that these sisiods should he in arithmetical 
or harmonical progression, whilst in some few oases 
the progression of the siweds is very irregular and 
follows no definite law. 

1. Revolution or Speed Counting.—The exact 
determination of the s]ieed of a rotating shaft Or 
spindle is a matter of some little skill and practice. 
If the speed is very low, its magnitude may be ob¬ 
tained by actually counting the numlmr of timei a 
marked point or projection on the shaft or spindle 
passes a fixed point in a given period of time. The 
results which are derivable from such a method are 
not very satisfactory, since to eliminate errors of 
observation, and to make allowance for a fractional 
turn as far as pussible, the time-period baa to be 
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prolongml pxoessively. For high-si>ceil dptvnninft- 
tiona it IK nliaolutoly worthlvKs. 

A snporior inethixl—and iiideiKl thi> only ono 
vhivh IK Kuitablt' for gonorul application - ih u> iiKe 
a counting or indicating instrument. With a count¬ 
ing instrument—jiorlahli' nr otherwise—the instru¬ 
ment has to Ix'.used in each determination for an 
exact (leriod of time, such ns a minute (>r two 
minutes, or thi‘ time oh.wrvisl, hy means of a ehrono- 
meter stop-watch (which will read to one-fifth of a 
second), in which the spindle or shaft makes an 
exact niimlier of revolutions. 

Fniulamental /•’<rrra/i/ii.-~In each case, the s|K!od 
in revolutions (ku- inimite (generally denoted hy the 
letters K.i’.M.) is calculated hy means of the follow¬ 
ing expression;- - 


N {R.P.M.I - 


No. of revolutions eounUsI 


(14) 


Period of counting 
In certain cases it is not |iussihle to count directly 
the number of revolutions made hy the shaft or 
spindle owing to its {losition. When such a condi¬ 
tion exists it is necessary to determine the surface 
or circumferential speed of a part of the shaft or 
spindle which has a known diameter, and from thia 
calculate the angular speed. The fonnula which is 
employed in these cases is as follows:— 

Surface speed, in feet per minute 
' ■ ” Circumference, in feet 

( 15 ) 


where S = the surface sjieed, in feet per ininute, and 
D » the diameter of the part, in inchea, 

5Hiis may also Iw written ;— 
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N ail’.M.) = .V X S . . (16) 

when; v eiiiiuls Jj” iind is a cnnstaiu (or any given 

value of 1>. To facilitate the use of this formula the 
curve given in I-'ig. 5S has lioen plotted, this curve 
lieing the grH|)hical form of the relationship iH'tween 
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Id connection with the use of thU curve it should 
noted that the diainetttr of the shaft should lie 
inches and teg feet. 

•I Revolution Counters and Indicators.— The 
simplest type of hand revolution counter works on 
the worm-g(>af reduction principle. One form of it 
is represented in Fig. 59. In this instrument the 


£ .S 








rfttio of n*cliicii<m is m) that for nicli rrvohiiioii 
of thi* }’nii!iml»*{l loo jrvolutions of the spindle 
are ri'ijuited. In tis rmiiesi ft»jnis this nwttuinenl 
>inor(‘ly einhi(sl jiunihfjs heiween the hiindie«i« to 
Ik* rend otV diredl\, the Inirnlutlv Imvin;: to U* 
counted si'panitely h\ noline the nunilxn ol tunes 
a snuill huttJHi or pin imsvn) a ;-iven pfunt. With 
the form shown, howevtM, it ts alsi) possit«|c to eount 
the hninireds. well as ilie letis und unit'.. 

The end of the spindle i*, in ih«- idun ol a tiiun^ular 
pyramid, this iKune placed m a eonnteisunk in’iitrn 
hole m the end of llie shaft or spindle wl.osi! sjwmI 
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ifi requinsi \n improved method is, li(m«\ei, to 
use a rulihei tip at the end. this having e|,.ater ad¬ 
hesive jiower limn even sharp metal ed(.;es. In the 
figure are slunsn two forms of luhls r tip which are 
in use, another form i»<>ing the hemispherieal fotm. 
Of the thre<‘, l(»e conical form is the lH*st and easiest 
to USf*. 

Since this form of speed counter is never usi*d for 
more than, say, five niinuti's at a time, tti(>r<i 
fiot appear to Im any nis d for maiiv of the long 
ranges with wdiich some aie providml. Any instni* 
ment; however, with which it is not |)Osstble to count 
the hundreds quite easily and witl.nnit any uncer« 
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iftioty is in Ihu majority of cases practically use¬ 
less. 

Another form of rerolution counter is the Harding 
counter. In this instrunient there is no dial or scale 
of the ordinary tv|ie. In place of this a row of 
rectangular or circular 0 |)cningH (\isually the former) 
are provided in the face of the instrument, as shown 
in Fig. fiO. llehind each of these openings, a wheel, 
which carries a figured rim, rotates (more or less in- 
terinitlontl>) on a horizontal shaft. Kach wheel is 
toothed, and is moved, one figure at a time, by the 



one preceding it, with the exception of the wheel 
which carries the unit figures. Thus, the addition 
of only one opening with its corresponding wheel 
apparatus multiplies the range of the instrument 
by ten. The case of the instrument is either round 
or square, and the motion applied may be mther 
rotatory or oscillatory, according to the design of the 
mechanism of the instrument. The design of 0)4 
form (or use in connection with an oscillatory tnouoa" 
is a litUo more oomplieated than that of the otiier 
form. 
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Such a form of counter is employed chiefly as 
a fixture on a machine tool, it lieiug continuously 
driven from the spindle or shaft whose spt'ed is 
required. When the rotary form is used, some form 
of non-slip or positive drive, such as a chain, must 
be employoil: when the oscdlatory form is Hal'd, the 
usual practice is to drive by means of two cranks 
and a connecting rod. with, if necessary, a chain 
and sprockets and interinciliate shafts. The hand 
form works on the rotatory principle, and is ispiipiHsl, 
like the rotating disk fnrtn, with a |Kiintcd or nihls'r- 
lipped spindle for dirisit conni'ction with the shaft or 
spindle to be tested for sjH'od. .\s a machine counter, 
a capacity of 10,0UO,l)llf) revolutions is not unusual; 
as a hand counter, however, it is not usual to provide 
(or more that, lO.OflfI revolutions. 

In usint; this form of sijecd counter it is necessary 
to note the readings of the instrument at the iH'gin- 
ning and at the end of a definite period of lime, and 
then by means of expression (H) calculate the B[ieed 
in revolutions per minute. 

With the above instruments a watch (preferably a 
chronometer stop watch) has to be used. Some of 
the disk or dial counters are combined with watches, 
so that it is possible to observe the two together, 
though whether such an arrangement enables more 
acourate results to be obtained, or the work of taking 
the readings to lie more ox|ieditiously jierformcd, 
is a moot point except in those oases wherein ihe 
i&sertion of the end of the spindle into the centre 
hole in the shaft starts the watch and counter simul¬ 
taneously, and the reverse operation stops them. 

3. Tachometers. —Kiieed indicaton, gyrometers, 
8 
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Of tsuihoiiM'OTs show ui a ^'lancc, tiuil without any 
calculation, tin* anKUilai sp‘<'<ls ol naulinii and 

spiudli's. Thc\ iiia\ l*»‘ divided into ihiee classes, 
as iindei . 

U) Ccninfueal insirunients, 

CJ) KlecUo.inafpiriic instninients, and 
Cll Aeio dvnaiuic iustinmenis. 

Ct’uhifn'iiil Tiirh"iiu'fft v • Taelionieiris which 
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wotk on tlio c*»*htrifupil-forco principle an* of two 
kinds. In iho liist kind, the ceniritueal.force ele- 
iiieni consists of a very sensitive iiovernor with 
tnetiU litiUs or disks wliich are deflected h) the action 
of * ct'nlrifupil force. This deflection is converted 
through the uiediuin of suitahle gearing into motion 
of a in,‘edle or pointer working over a graduated 
scale, the scale divisions hi*ing either units or tens 
of revolutions *por minute. In the second kind, the 
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contrifiitr;il-t’t)r«*«‘ rlrnimt w u Ihjuul. nui 

taimnl ni n Vr-vl {•.lU’li u-' •.howji 

ill Fi;'- XNinch .i ruijii'>r\ iu(»linii i-. ihis 

iiioiioM <h‘n\r>il !n>ni i)u* inolion of i!it' 

or sfiiift umliM Thr nnii»o«liiilo rlViTt of tlio 

contrifu^'n! ftnop on tho li«|iiul is. of roiiisi-. to loml 
to throw it oiitw.Li'Js. Iiut, suu**' no liijunl is p('rft'«-<t\ 
mohilo iiMil iho roiii.iitiino vos^rl Is i»f .1 umI liri^'ht. 
tho ultitii.'iO' rttn't is to r.tiisf ihr suiliirc <kl (In* 
to usstiitic u com'iiv«‘ t}»;ii;(ho]i(’) IrMiii. us u 
sliown in tin' tiuuir I'or (‘uoli ol loi.idoh 

there is a 4h*tinitf posituin ot tin- low«*si point in llir 
etirvo. Tlie liipiul must hi- rin-losed in u hi’iini lie- 
ally si-ah-il cxintuinin;; M-^sel so us to pn-vf-ni its 
e\’ttjvn-utiun, since tin- jKWtum of the index for any 
sjK'ini wil! '!• |ien<l upon the volume ol liquid in (In* 
whirlinj^ vessri. On this form of lueliorneii*i (In* 
scale divisions are piuelieullv equid lhi'ou;j)ioui the 
I'anee of (he scah'. 

Tthlio/neli‘ 1 ^. —l*ile<‘Uo-niaj'hetn- 
tachonieters are also of two kitnls. in the Inst kind 
use is made id the jirineiplus of electro iiiaenetisin 
directly. A |Hjnnanenl iim^'in t of a snitahle forin is 
niouiited direetly on the rotating shaft ol the instiu* 
luent, and routes in the neiehhourlioixl of a pi\ote<i 
metal disk (either steel or wippei u with the result 
that Foneauii or edd\ euirents are set iqi in (he 
latter and inleruction takes place. This iiiU-raetion, 
according to the pnnci}iles of elertio-ma^netiitm, 
^uses the disk to lend to tnivi-l rotind with the 
magnet. It is, however, ivstmiinsj from dqiug this 
completely by a control spring;, and is only allowed 
to travel through a small angle. The magnitude of 
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thiH Atifile (Iftpcmls inter alia upon the pole strength 
of the deflecting magnet, the strength of the control 
spring, and the speed of rotation of the magnet. 
The movement of the disk is transmitU'd directly or* 
through gearing to the noodle of the instrument 
which works over a graduated scale. 

In the other form of electro-magnetic tachometer 
a inagnoto electric machine or |a‘rinanent magnet 
electrical generator is used, as indicated in Fig. 62. 



Fill, fi'i.—Klectro.iiisgnotic tachoinoter or spceil inilicator. 


Thn mirgneto, M, is secured directly and jiositively to 
the shaft or spindle, S, whose B]iued is required. The 
terminals of the magneto are connected to those of 0 
voltmeter, V, hy line wires, U The voltmeter should 
be bither of the electrostatic type or of the bigh-te* 
sistauce electro-magnetic type, so that the drop m 
pressure, in the line wires is a negligible quantity. 
The principle of this method is the generation of an 
eleetro-motive-fbrce (E.M.F.) in the armature of the 




MACHINK-TOOI; 8I>KKI> AND I flKli TKhTS 117 


oiagneto, the magnitude of tliia IC.lil.l''. ladiig directly 
proportional to the sihwI of rotation. This K.M.K. 
in volts is iiidicati'd praetiailly on the scale of the 
voltmeter, so that, under any given set of eireiim- 
stances, the voltmeter reading is a din-ct ineasuri' of 
the Sliced. To make use of such a nsiding it is iieoes- 
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Flo. 63.—Calibmtioii cunr for electru-niagiittic tai'honieter. 


Bary to possess a “ calibration curve " (Fig. 63), which 
i|hows the relation between the voltmeter reading and 
the speed, and from which the value of the speed can 
be taken off for any voltmeter reading. This calibra¬ 
tion curve can only be obtained, of raurae, as the re¬ 
sult of special speed testa 
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An inipi'ovi’tni’nt upon tlie alioM' nii'tliiHl is tho 
pnvtualioii of the voltnu-li'r snilc to H'lnl in H.l’.M. 
iin*i not volts. In such a case, tlie instrijineiil re- 
ijiiiii'S special caliliiation. 

.lein-tli/iiiiiiiii Tiiili"iiwln\. -.\i'i'o-ilwmniie tacho¬ 
meters are also rtf l\v<j kinds. The liist \\oiks on the 
“fan or vortex eiirient principle*". The fan is cu- 
eloseil in a In-i inetieally sealed case and inouiited on 
the spindle ol the inslnniient. Us lotation cau-ses 
a current of ail to !«• creati'd and to he iin|iiiiped 
directly on a rotatahle vane, the fieedoni of motion 
ol which is limited hy the mlluence of a hair-spring, 
this latter heiii},' the controlliiio or restiainiiii' ele¬ 
ment. The extent of the motetiient of the vane is 
tiot pro)K)rtional directlv to the speed ol the fan hut 
to some iiower of it. The scale ol the iiistrutiieiit, 
therefore, has to la* sjieciallt i^radnated. In some 
cases, to increase the siard ahove that of the sliaft 
or spindle to Ix) tested, recoin se has to In' had to the 
use of hevel, spur, or spiral L'eariii}' in the instinnient 
itself. 

The other form of aoro-dy namic tachonieter is re- 
povsented in l-’ie i;4. This ni.strninent consists of a 
tula’, t', which is connected to the sjnndlo hy the lievel 
(leariii};, 11. This tithe has two tee conneetions, A, at 
its lower end. and is rotated at a hi^h speed. The 
upper end of C is immersed m tttercury which is 
cotitained in a vessid, 0. Over the upper end of C 
anS also in the mercury is a liilio, K. which is coij- 
necUnl to a j;aiigc piiie. (i. hy a union joint, !•’, the 
Kaueo pi|)e ttinninf; to a seiisitivi' vacuiuu Kaii"c. Jd 
is the liase of the iiistrutnetil. It also serves as a 
shield to the tulies A, and protects these from the 
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influenc(M>f fMcrnul »ii curn’iits. Tin* contiifujral 
action on tin- air in the inbcN A .\ u’lcatcr or 

les't VcU’Uurn in tin* jM|M' 1’.. this lifiiiL' imlic.vtcd *mi ilu* 
(I’al of the vacuinn ii.'inu*' \Nhu*h ni.i\ in- j'luduatt^d to 
read in li.l’.M. m j*n*fiT« nn- to ’'imdn'Mil nu'U*ui_\ 
or •• |jonnd<« |>it ‘‘(|iiar'‘ nu*h , In tins cum* also the 
sojilc divi*'ions th»ont:lioui tin- i.inj^*- r»} the scali- an* 
not of equal lengths 



l-'t'i. A< !•> lie hunt* t« i. 


- An iiiMrunii'iit wliicli iiroiliici''; u 
({raphical chart from whicli llio uvcrut'c »|ici(), in 
K.P.M., (luring any [HjiiniJ of tiim' can he olibuncil, is 
called a bichoscopc. liionj;li soinctiine-t, ijnt wronttly, 
it is referred to as a tachometer. The piincij^ilc of 
'action is that of the eo'ernor, ccntrifnt'al force licing 
emploved to move the sttle or js'iicii of the instrit- 
iiient on a inovini,' shwi of paper or hpt'cially pre- 
(Mirtsl plate. The genertil form of ihi* diagtain is 
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indicutod in 05. U» avcniKe height, which is 
proportional to the average R.r.M., is obtained by 
any one of the several methods of averaging a dia¬ 
gram. such as the planimetor method, the mean * 
ordinatf; method, or Simpson’s rule. 

In regard to the melluMl of driving fixeil counters 
and tachometers, it should Ik- poivtcd out, however 
small the amount of [lOwer is which is required to 
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drive them, there will lie some slip unless the drive 
is a positive, iion-floxihle one. For this reason belt, 
strap, and rope drives should only lie tolerated when 
it is not possible to use any other. 

4. Surface Speed Counters and Indicators.— 
The^, generally, can be designed to work on any 
one of the alxive principles, though they dififer from* 
the above inasmuch as a roller or wheel of a definite 
diameter is embodied in their design in place of a 
centre or direct driving mechanism. 
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In Fi(!. (iti in shown one form of siirfiico speed 
counter of the w oi rii-Kear ii'duelion t) A nihlsT’ 
tyred wlied W is mouiitisl 
diri'clly on the worni shufi. 

The worm drives liie );rudiiiited 
wheel. A, tlio ratio of rednetion 
heiuK -A small pinion 

whieh IS seeiii'iil to .\ in tniii 
drives another oradonted wheel, 

It, the ratio of rediiolion in this 
case Ix'inr; It is thus jsis- 
gihle. to count up to lUIKI le- 
volutions of the wheel. Now, 
the oircunifei'cnce of the wheel I'u,. (iri,.-.Siii(Mi' 
is just li ill. Hence, each le- "I"'"' 
volution ol It corresponds to (i in,, and the raiiKe of 
the instrument is AUU ft,, and the complete turn of 
the wheel A corres]aiiids to /iO ft. The scales on 
the two wheels ,\ and it are very easilj set to zero, 
and the instrument can he readily converted into a 
revolution counter. 

A superior form of siirface-sjs'cd counter wheel 
which has been designed h\ the author, is the milled 
or knurled steel wheel. The ruhlicr tyre tends to 
alter its shape and size with time and use, and 
hence cannot he relied on always; with the steel 
wheel there is no such trouble, though on highly 
finished surfaces this fonu of wheel may not lie 
^ Buitable. * 

Ordinary revolution counters are readily converted 
into surface S|a,-ed counters by the provisio,n of a sur¬ 
facing wheel of a diameter of I'lll in. This diameter 
corresponds to a circumference of ‘b iu., so that 1 ft. 
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in ro[iiV''>»Mite<l by two divisions on tin* scale of the 
counter 

Cut yfrti-t. —A surface sjKM‘d indicator is repre- 
s«‘nted in I’ln^ ij" and bS. It js an el«*ciro-inaunctic 
iuHtrunient. and is known tjciierallv as the cut mctt*r 
since it was oripnallv 4le-<i*rned for ikc in connection 
wiili iiiechaniciil cnttin^M)|Mtrations. , The \\he«‘l, \V, 
drives a spin |K‘nnanent inuijnet, the external lines 
of force ol which are defk'cted hy a soft steui riiiK 



through an alniinniiun disk, the motion of this disk 
heiui; contiollcd hyaline hailsprin^^ On the ouU 
side surface of the <lisk arc engraved the lijjures 
which indicate the sptH'd in feot per minute. These 
ft^ures np|)ear hehmd a lined glass screen or window 
which* i" fitt*Hi in the case of the instrument, as is ^ 
shown in Fig. tiT. The wheel is tilted with a hard 
ruhher t\re of ciirular section, a form which is 
vastly su^termr to the rectangnlar section found on 
man) surface speedometers. The hearings are all 
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matiu as in*arl\ friclio!il**ss as }K>ssilili) b\ tin* \ise 
of lull'- or sapphiit' jj-wols. 

— In Tij;. r*‘.l !•» ii'pn'stniU'd a simple 
form ol snrfiici* speetl unmter winch j^ors iinch*r the 
name ol roiaim-liT It is .1 jKX'krt watcli-liki* in- 
strinneiit au'l worlv» mi the n»oihe<i whu*! principle. 
The iiMMstirih^ wheel \\ 1 - a sinali snuK^lh edj.'ei)disk. 

Tlic ran{.re of the iiistiimienl shiovn is onlv ‘Jo fl., 
hill in l.ir;:er si/.es ifie lani'r* ^'Ofs up h> lOd fl 



This t>j)e of itistruim-ni is not. howevei, as suil- 
ahle for «eneml smfaw speed testing' as inn tlusn 
which aif descrilxsl al)ov»*: lor ver\ hi^h speeds they 
are practically iiselcHs. 

o. Tests. —In ihesc tests the successive spo'sln of 
the drivine spindle or shaft are deteriinned. These 
t are the sjM*eds whieh are j'lven dnecils to lift* work 
(as ill the case of the lathe or Uirin^t iniii) or culler 
(as in the case of the dnlhn^ inacbine.and iiiilliti^ 
machine). 

The methml of making the ctiangcs of s|s>ed in 
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any {larticular cano will depend, of course, upon the 
desii'ti of the machine. The principal methods in 
use involve the use of stepped s|>ced cones, colla|)sible 
cones, toothed I'eariii)', and two or more counter- 
ahaft s|ie(s1s. 

The machine placed under test should l)C tested 
pniferalily unloaded, Istcaiise it is not. possihle, except 
by means of a broke, to keep thi' load even fairly 
constant thrauf>hout such a test. As a matter of 



(act, the speeds of machine-tools which arc generally 
given are no-load speeds, and these do not dilTer 
greatly from the corresponding speeds obtained with 
a out. Of course, this point is related directly to the 
question of belt-slip, but, except in those cases of 
notorious overloading, this is a matter of but slight 
importance. 

Thexnethod adopted to measure the speeds will 
depend entirely upon circumstances. In Fig. 70 is 
shown the qiethod of using an ordinary revolution 
counter, the use of which must be combined with 
that of a stop watch'. 
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The following table gives thieo typical sots of 
spindle speeds obtained in tests on a lathe, drilling 
machine, and milling machine. 

TABU-: II. 

SI'KED TEST It.VTA. 


ot M...II1IM- T.n.1. 

Lal.f 

I^illiiii: 
.Mn« liUK-. 

M»< hllu>. 

i 

No. ot coiinterKhnft 

•» 

2 

2 

No. o( C(mi> 

No. of back Kcara 

4 

4 

1 

4 

No. of Kpindle HpiMnlx 

w; 

ii; 

Mi ' 

High couutfrHhuft Mpcoti 

•i/ior* H I'.M 


MKI-'.I ll.l'.M. 1 

IaOV 

a«)-4 

.. 

1W»-H „ j 

1 S^ndte speeds: 1 

ifi'.'j ,, 

I2r» .. 

u<) ; 

.... 2 

ai-o 

17-1 ., 

l!P-l 1 

! „ 3 

•jlifi .. 

211 

' '14-1 ,. , 

1 .. .. 4 


241 


«• «• ^ 

*‘^•0 .. 

2H'7 

; S.-.-2 1 


S21 „ 

34-7 

4}l-2 „ 

' H .. 7 

70!l .. 

4(l» 

: .'<11-11 .. , 

; .. .. H 

KM-d „ 

fiT'H 

«4'3 „ 1 

1 .. ., !» 

I40*(l 

7lr4 „ 

7!i-4 „ , 

.. .. Ill 

17s-1 .. 

10«*7 

■.Ki-4 „ 1 

.. .. 11 

2251 „ 

12H-4 „ 

118*5 ( 

. 12 

2K0-9 „ 

14!>d) M 

144-S ,. 1 

’ „ 1» 

3000 .. 

1771 

17.'.-7 „ 1 

.. .. H 

4.'i0-2 „ 

213*4 .. 

2ias) .. 1 

.. .. 1» 

600-.3 

247*5 .. 

2fl»*» „ 1 

.. .. 11! 

TW-O .. 

».W*0 „ 

313*6 H 


Having obtained the speed values throughout the 
entiro range, and observed how the changes are ef¬ 
fected, it ia necessary now to analyse the set to de¬ 
termine the relationship which exists ^tween the 
individuai speeds, and also to determine the nature 
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of thu spewl pro^rossioii. if tho proso'ossion is a 
rOL'iilar one—wliieh is not liivai'ialily the case—it is 
usually of the biiiiple aiithinetieal, geometrical, or 
hariiiiinical series tyte. 

li. Arithmetical Speed Progression.— The char¬ 
acteristic of this proeiession is that the iliirerciice 
txitweoii any two cniiseciitivo speeds is a constant 
ipiantity tiiroiii'hoiit the entire range of spmsls oh- 
Uiiiicd h\ means of any one form of mechanisni. 


Thus, 1 

fN, 

the 

Inst spimlle ‘ipWHl 

in n'Volntions 

per minute. i 

N, 

tlm sceotifi; N,, 

the liiHt; iind n 

•• thu 

total iiiimhcr of speeds in the 

ninj4C‘, we have 

that - 





(N, - 

N,) 

> the 

cointnoii liilVorunce 

. . (17, 

.‘\lso 





|N„ - 

N,) 

tin 

* common ditTortmec 

(Ibl 

l« 

It 





If wo represent the coininon dilTcrencc In il, then— 

N„ . N, -)•(«- 11,/ . . ' . (19) 

These aro the throe chief slalenients relating to 
arithmetical progresaiotiB wliich are associated with 
speed changes etl'ectoil hy onlj one form of change- 
sjieeil mechanism sucti as a speed cone or tixithed 
gearing. Tho ease which involves a comhination of 
8)>ced-v)iange metliods is essentially ditVereiit. 

Tho graphical form of the relationship lietween tho 
value of the sptvd (N,, N.., . . . N.,| and its mnulicr 
(1, 2, . . . ») is indicated by the straight line .\ in 
Fig. 71, in which a maximum of 10 speeds has been 
adopted, it being understood that thes<' sjweds are alt 
obtained hy means of one method of driving. 

To determine whether the series in any case is in 
arithmetical progression, it is only necessary to 
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caJculati' ihr ililftMeiicus bctwoon cotiscrulivo njwcHlji. 
If thoy ur« alt njual. or |»nu tii:illy m>, it iim\ Ui ih- 
siinitHi ttiiit lli(‘ of ttio spfM-d arfan^^i'UiniitH of 

tlie iiKirhiiir \v:iN luwd upon ihi'i txpo of pnafn-H. 



Fin. 71. of >'piiiil)< k|H‘i iF. 

An oxaiuinalion of the tttron s(inei> of iprodH ^ivon 
in Tabl<> II will show that not one of thn thiee is an 
arithmetical Heries of this U])*5. Thi-^, of (;ouiho, 
follows from the fact tliat tho speed cIikij;^ch are af* 
fected in three dilfoamt wavh, sines* it is not j>ofwihle 
to arrange speeds obtained in such a manner in a 
simple aiithoietical progression, th lUgh it is jKiBsihle 
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to arrange them in a neries of arithmetical pro- 
greasiona. 

7. Geometrical Speed Progression.—In thiapro- 
greaaion the fundamental principle ia that of a con- 
tinuona increaae by multiplication, as distinct from 
the addition principle of the preceding progression. 
The ratio of any two oonaecutiTe speeds is a constant 
({uantity thronghout the entire range of speeds. 
Thus, if N, tho first spindle speed, in revolutions 
per minute; N, « tho second; N, the last; and 
n ^ the numlier of speeds in the range, we have 


til at 


N., 

n’, 


the ratio of consecutive or successive 


speeds.(20) 

If we represent tliis common ratio liy r, we then 
have the following relationships 

n’; - ■.(21) 

and N,=.N,x .... (22) 

These are tho three principal statements relating 
to geometrical progressions which have any bearing 
in this case. 

The graphical form of the relationship between the 
value of the speed (N,, N.^ . . . N„) and the number 
of the speed (1, 2, ... n) is indicated in Fig. 71 by 
the curve G. It should be observed, however, that 
the precise shajie of the curve will depend, ceteria 
paribus, upon the value of the common ratio (r). 

The determination as to whether the series in any 
case is a geometrical one or not can be effected in at 
least two ways. The first method involves the 
determination of the actual ratios between consecutive 
speeds and their comparison. If they are all eqnal. 
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or practically so, it may bo safely assuimid lliat the 
series is a regular geometric one U|K>ii which the 
design of the 8|>e<'d-change luechanisni was based. 

The analysis of the three series of speeds given in 
Table II, according to this metbod, gives the follow¬ 
ing results : — 


'r.UiliK in, 

OiNSKCfi'IVIi SI'I.MDI.K .sl'KKIi li.VrUIS. 
/W«e<;d /rem Tiib/e II. 


Tyj*' «l T'hiI. 

Utlliv. 

l>iilling 

Mai'liiiii'. 

Milinig 

M;trliiii<‘. 

Hpiiidlo ; I- L' 

l-2i 

1-27 

I’iO 

.. 2-H 

1 -20 

124 

1*2G 

IS SI 4 

l-i.') 

114 

1*21 

*» •! 4—-"i 

1-27 

1-20 

1*21 

„ ,, r» -« 

1-2I 

1-21 

1-22 

„ „ fi—7 

i:»> 

Ml 

1*29 


1'21 

m:i 

1*21 

.. 

l !i\i (€1) 

1*92 ia) 

124 |«) 

« .1 

1-27 

1 99 

1*22 

M 10-11 

l-2fi 

1*20 

1-251 

M .. n-12 

l'2r> 

MG 

1-22 

„ „ V2~u 

1'2H 

M9 

1*21 

154-14 

V2f> 

1*20 

1*22 

.. M 14-1') 

i-.h:i 

MG 

1*28 

» M K>-IH 

1*25 

1-44 

1*21 

Avenge ratio 

1-29 

1 29 

1 22 


% 

These results show pbiuly that the milling machine 
series is a very regular geometrical progrestiion. The 
other two series may be described as irregular geo¬ 
metrical progressions, since they (olbw the general 
9 
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law of th(' geometrical series but contain one or two 
abnormalities. 

In l''ig. 72 is shown the form of the variations 
which occur in practice in the value of the consecutive 
ratio in a mnge of sja eds, The case represented is 
that of ten speeds la five-step|)Oil cone jiulley with 



double back gear). This method of representing 
the changes shows them up distinctly and enables a 
designer to pick out the weak siiots in his design. 
On this diagram the straight line AB represents 
the ideal 'lase wherein the value of r is absolutely 
constant for the same maximum and minimum 
speeds. ' 
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A woixl of eNplaiiaiioii nmy I*' ni'ccssary in rpgaixl 
to the ratios which are lutlercil (n) in Talilo III. 
These ratios an* those lu'lwoen the Iasi s|«>i'd oh- 
tainahle with the hack Kcarinn in and the fust sjH'cd 
ohtainahle with it out. It will he ohserved that in 
the case of the lathe the hack-ucar ratio dis's not 
agree with the other clciucnts in the design of the 
sjated-changc arrangements. The hack-gear ratio in 
any ease di'iamds U|nin the seiiiieiiee of the s|S'ed 
changes. In each of the ahove ctises, however, it 
may Im ex|ireaseil m terms of the average mliosof 
consecutive siH'eds as follows: - 

U- . . . (till) 

where K .= the ratios of the product of the ntnnhers 
of teeth in the driving wheels in the liack-gear train 
to the product of the niimher of teeth in the driven 
wheels in the same. 

Kegarding the value of r, it should he pointed out 
that this can he ohtained either hy averaging the 
individual consecutive siMstd ratios, as is shown in 
Table II I, or hy taking the highest and lowest speeds 
in the series and using the expression 



In all ordinary cases the two values so ohtained are 
practically identical. * 

H. Logarithmic Analysis. - The second method of 
i^nalysing a serit's of machine-tool spindlg s|MX'ds to 
determine whether it is a geometrical one or not 
involves the use of ordinary logarithms. 
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If WO a|i|)ly common logarithms ‘to expression (21) 
we obtain the folloa'ing equation:— 

loK (^!") = (« - 1) X log r , , (25) 

Uy applying logarithms to expression (22) wo 
obtain that— 


log N. » log N| + (a - 1) X log r. . (26) 

Kach of those two expressions represents a straight- 
lino law. In the first expression, the two variable 


quantities are log and (« - 1), the value of 

log r for any given geometrical progression being 
constant. We can, therefore, plot on rectangular 


co-ordinate axes the values of log (and (« - 1), 
where tt has any integral value from 1 upwards. The 
expression may de defined as the spindle- 


speed ratio, by which is to bo understood the ratio be¬ 
tween any spindle Bjioed and the lowest one, and not 
the consecutivo-siieed ratio or the ratio between con¬ 


secutive speeds. Hence, log ^^5“^ is the logarithm 


of the spindlo-speed ratio. A representative case is 
shown in Fig. 73, ten spindle speeds forming the basis 
of this diagram. The line drawn is a fair or aven^ 
graph through the plotted points. 

If logarithmic or logarithmically graduated paper 
(for the ordinates only) is used, reference to a table of ' 
logarithms is rendered unnecessary; the result is,.^ 
however,, precisely the same as when ordinal^ 
squared or sectional paper is employed. 

If preferred, we can use the expression (26) in 
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pl^ of expression (24), In such a cas.., the cuiTe. 
which wi! shall lie able te will represent the 
relation Is-tween Ion N„ and (« - I). Since, ho%v- 
ever, N, and r are assumed U) Ixi constant quantities 
•n any given case, the only diflerenee Ik.Iwkmi this 



Fi<i. 73.—l,o(jarillmiic Hpenl (liagmm. 
result and the above will be in the scale of units 
adopted along the ordinate or y axis. In Fig. 74 the 
•above case of ten spindle speeds is represented ift this 
'"-‘“t'onal paper lieitig 

Prom either of these curves the value of r which 
operates throughout the entire series can be de- 
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tmiiincd. Till' lo(>m ilhni of this ratio is equal to the 
laiigetit of the alible of iticliiiafion of the f;i'aph to 
the line of aliscissae or the axis. This anple is 
intlieatisl in Pies. 7;‘, und 7(1, uhich represent the two 
aimvi' cases res|aictively; it is lettered 0 . The 
explanation of this may Iw given its follows: - 



NU¥BSR OF 8P6E0W 


tit.. 71.—.Xfli-rimtivt' toriu of lecarithnne sjassl ilm^mttii. 



( 27 ) 
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amlloK, , , . CJS) 

An cvunitiaiuni (»l <Mch of th»* in I 7‘» 

and T() ^^Ili <how that, in (hr rasr of tfir I'nst 



Km.. I>iii«:niiu illu-vliHtiUK loKHiilhiMirsjM-MlnuiiimtHlion. 


and in tiu* case o! tho second— 

(1okN„ ■■ lof! N,) . 

(« - 1 ) 

' Therefore, in efteli ca‘>e, we liuve that— 

lo(,' r = tan D. .... (ill) 
The relative magnitudes of tint local Vhrialions in 
the whole series from a true geometrical progression 
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CAn be readily determined by noting the extent to^. 
which the varioun points plotted on the diagram lie 
off the average Iin<! which is drawn through the 
points. As far as |x>.ssible this lino should pass 
through the two terminal ]X>ints, as is indicated in 
Figs. 73 and 74. 



Fra. 7(1. —UtustrntinK logarithmic uptiet! computfttlos. 

9. Harmonical Speed Progression.—This form of 
progression is generally regarded as being the inver¬ 
sion of the arithmetical form of progression, since 
the difference between the reciprocals of conseontive 
speeds in the series is a constant quantity. Thss,' 
using the syniboU adopted in connection with the 
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discnasiou of arithmetical «i)eed progressions, we 


have that - ,1 - A . (3^) 

N, N, 

The quantity h may lx< defined as the vominon. 
reciprocal six-ed dilTorence of the seriw, and if we 
take the sum of all these common reciprocal speed 
differencea throughout the whole series we obtain 
this relationship— 

= (« - 1) X A . . . (:t3) 

from which, hy siiitahle tmnsposilion, are derived the 
following exprassiotis: - 


N. = 
and A 


N, 

i - (« - 1) A N, 
N. - N, 


(31) 

(35) 


These are the four principal statements relating to 
harmonical sprsid progressions. The value of A is 
invariably a compamtively small fraction, whereas 
the arithmetical common difference is invariably a 
number much greater than unity, whilst the con¬ 
secutive speed ratio of the geometrical progression 
usually lies lictween M and 2 0, though in the 
majority of cases tlie range is much less, l>eing only 
from 1’20 to l'.0O. 

The graphical form of the relationship lietwcen the 
value of the sjjeed (N,, Nj, . . . N.) and the 
number of the speed (I, 2, ... n) is ropresontqd in 
Rg. 71 by the dotted curve II. It should be oh- 
ferved here that the exact shape of the curve is very 
definite, given fixed maximum and minimum values 
of the speed and a fixed numiier of opeeds. Even if 
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ihn latter niiiiilH-r in chaii”>-i1 om 1\, t)ie sh!i|)i- of the 
oiirvH in iilti n d. 

Thin Hi'iiii' iliiinliMios iij a VfM'v iiitiMrstiiij’ tiiaiiiier 
tile wa> in wiiirh tin* thi'n* n*t;iiliir |ir<)*»rcssionfl 
ililhir. 

To (Ictcnnitn* whcthiT the 'i|i«cil snii**, in any case 
is a harmoniail oin* oi* not, it is nnnnssai v cither to 
calculate the imiividual values of li (tho reciprocal 
diffomnoe) and compare these with one another, or 
to calculate the value of li for the whole series by 
means of evpn-ssion (.'t*')) ami use this in expression 
(*'Uj to calculate the inti'rinudiate sjieuil values which 
would iHiciir if tho si-riea were a haruiouical one, 
oomparinE these with tho actual speed values which 
ohtaiii. 

1(1. General Note.—In the majority of cases where 
any atU mpt is made to hase the design of the 
8|ieed arrangonicnts upon a scientilic basis, the pro¬ 
gression selected is of tho geometrical form, though 
in one or two cases the arithmetical or harmonical 
form is adopted. 

Their chief comparative feature is this: in an 
arithinetical siieod progression of the simple form the 
arithmetical dilhireuees ate oipial: in a geometrical 
speed progression they are gradually and regularly 
increased as tho speed is raised; whilst in a simple 
harmonical sjieed progression they are increased but 
mneh more rapidly than in the second case. In 
other words, the ratio between the last and first 
arithmetical dilTcrences is greatest in a simple har¬ 
monical B)ieud progrtasion and least in a simple 
arithinetical speed progression, assuming these to 
operate between'the same limiting speeds and with 
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the same niinihor of sjicvils. The <'.oiT(i!*|ioiuliii|; 
ratio in a ■.'TOiiii'lrical spml ino^jiesBii'u i< iiiler- 
iiieiliate to the iitiovf. 

When tile s)j(‘(‘(l i lmii^oi air cIVitIi'iI Iij a roiii- 
biiiaiion of inetlioilH it w. howt vi r, not [lO'isilpli' to 
make use of a •Jiinplc antlniii'ticul or liarmonical 
jirosresKion ; liiit^a xiinple };cotm‘trical projtrossion 
can Ik‘ iisrit in xinih a caxi'. 

I!s(tii.ini;m; Si i.i n Ti vm. 

1. Speed Counters and Indicators. -.\ny of the 
above fornix of snifaei' sja'isl rountcrx and indioatorh 
can he used to di terinino the npixxls which are eon 
nected with rectilinear rei'iprocatin|{ inotionx, anch as 
the motion of a planine niiiehine table or that of a 
ahapini' rnaehine ram. When an ordinaiy counter 
is used, it is tlio averafte xiajed .spieail over a certain 
(usually short) jieriod of time which is ohtained. 
With an ordinaiy indicator such ax a 8|KX‘domoter or 
cut meter, it is the mstantaneiam sjieed which is Kiveti. 
Where, however, very rapid ehans'esof s|ieixl occur, as 
they do at tlie heeinnine and end of the stroke of the 
moving; element of a iilanini.' or shapinc machine, it is 
practically im|«ssihle to ileteruiine the manner and 
extent of such chanKcs by means of any of these in¬ 
struments. This is due, jirincipally, to the fact that 
those changes occur in a very short space of time (in 
some cases, considerably less than a second), and, 
^ondarily, to the power of the eye to retain wisnal 
impressions for short periods of time, the etroel of 
t^iis beln),' to render it impoxsilde to relate tlje changes 
of position of a moving nei-dle or pointer to a dura¬ 
tion of time. 
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When it is deeired to know how the speed in eneh 
a case chan);eB, it is necessary to haro recourse to 
some form of autographic or seif-recording instrument, 
suitably designed for this kind of work, so that the 
need for instantaneous olisenration is dispensed with, 
a curve or graph being obtained from which both the 
instantaneous and average speeds can he readily 
computed. 

There are several ways in which such an instm- 
luent can lie designed. In one design, due to the 
author, the motion of the indicating pencil or style is 
obtained by means of positive gearing from the le- 
ciprocating element, the motion of the pencil being a 
reduced facsimile of tliat of the table or ram under 
test. In one form the motion of the jHmeii is con¬ 
trolled by a square threaded screw and nut, the pen¬ 
cil being attached to the latter and constrained by a 
guide to move in a straight line. The pencil works 
on a sheet or ribbon of pa]ier, the motion of this being 
at right angles to the motion of the pencil and con¬ 
trolled by a clockwork mechanism which maintains 
the motion uniform. The screw receives its motion 
from the reciprocating table or ram through the 
medium of toothed gearing, as is shown in Fig. 77. 
The Brst element in this gearing is a specially made 
tack which is secured directly to the table or ram in 
a position parallel to the direction of motion. This 
rack drives a pinion and a train of spur gear wheels 
which terminates in the wheel on the screw. In this 
instrument all the moving parts are hardened and 
corrected for distortion in the hardening process so 
as to he able to resist wear and eliminate back lash' 
as much as possible. 
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In another form of indicator for thin kind of work, 
the motion of the pencil or style over the jiaiwr is 
controlled by an inoxlensihlo cord and helical or 
coiled spring. The cord receives its motion directly 
from the table through the medium of a nuinhor of 
reducing pulley-eoinhinatious, as shown in h’ig. 78. 
These combiiiatioys are coniieclod together by incx- 
tensible cords, the large pidley of the first combi¬ 
nation lieing driven from the table. 1’. The riumlier 



Flo. 77.—Diat-rsm of g«wring of instrument for obtsi ning travel- 
time t'urvi'M from rcutiliiH'ar rcciprocatiiif; motioiiK, 

of combinations required is determined by the reduc¬ 
ing power of each and the total reduction required. 
It will be seen that the small pulley of the last com¬ 
bination carries the pencil cord, 1‘. To keep the 
cords always taut, the pulleys are provided with in- 
,terual springs. 

The form of the graph obtained with this instru- 
nyant is precisely the same as that which is obtained 
with the other form of indicator. 

The electro-magnetic principle is also capable of 
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application in connection with thu design of rectilinear 
tachographs, but up to the present time no instrument 
eiulindying this principle has, to the knowledge of 
the author, heen cimstructed. The graph which 
would Iki olitained (roin such an instrument would he 
one Involving the instantaneous linear siasid and the 
time, and as such would he, much, easier to analyse 
than the curves which are olitained from instruments 
of the lirst variety, these involving the travel of tho 
table or ram and the time, 



2. Tests. -The form of tho curve which tho aliovo 
instruments produce is indicated in I’lg. 79. Tho 
jioiiit 0 represents the heginuing of the power or 
cutting stroke of the table or ram of the machine. 
The distance that the t.able or ram travels from this 
[loint is set off automatically ou the line of ordinates, 
the point T reprostmting the end of the stroke. Tho 
duration of the stroke is set ofl' automatically ou the 
line of abscissa', the distance OP on that line repre- 
si'ntihg the time oooupied by the table in moving' 
through this forward stroke. The distance PR re¬ 
presents the time taken by the table to make the re¬ 
turn stroke, the |iolnt K coinciding with the point 0 
of the curve represeuting the next cycle of strokes. 
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In all machiui' tooN in nliich rrciiirfluitinj'motion 
is employt d, the return stroke | unless a ihiuMe cut¬ 
ting mechaniKm is enilnslieil in the design of the 
' raachine—which is ratei is u non-|iroduelive stroke. 
Hence, to reduce its iion-pnslueliveness, ilie average 



speed during this stroke is higher than that of the 
forward stroke, the ratio of average speeds varying 
from 1'5 to 0. Consequently, the time occupied in 
making the return stroke is less than that nccupiisl 
in making the forward stioke iti exactly the Mime 
ratio. In the case represented in the figure, tlic 
v»lue of this ratio is d; that is, Ol’ d y ,1'It. 

An examination of this curve will show that the 
distances moved through in equal periotlsof time are 
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not equal, either during the time OP or during the 
time PR. This, of course, indicates roughly that the 
spood is not a constant quantity during either the 
forward or the return stroke. This is a result which 
can be obtuintd by direct observation, since at the 
beginning of each stroke the speed has to be increased 



Kio. 80.—Spwxi time curve hr pUniUf; machine. 


from zero to a maximum, and at the end it has to be 
reduced from a maximum to zero, these being opera¬ 
tions which cannot he performed without varying the 
speed by accelerating or retarding the motion. 

3. Speed Determinations. —^The relationship be¬ 
tween the instantaneous speed and the time for the 
complete cycle is indicated graphically in Fig. 80. 
This diagram is derived from the preying travd- 
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tim<* curve. Ttiis dcriviihon cuti Iw mn'ornplisluMl l>y 
either of two niethoil.s. In the fust rnethoil. !h«' time 
bme into u nninltcr of ei{u;ii {aits rf'jiiesont- 

Mi{;efjU!il tinu's TIi*-disianci* iruvollwi dm each 
of these times is ohtiiimHl hy settihi; un onlinati-H jind 
dr»win:» hori/oiilal lino*, from the points of niters«;e 
tion of those onli’nito*, ,tnd the curve, as is shown 
iu I’V- •'^1 h'licli disianci' is |m»])oit»onal to the 



Hi.—J' iiihIhiuhjIhI iniM'l litno «ur>o nml doin,.! sjn-ol 
tnuo furM-. 

averatte Speed duriii;'Us mtervHl of time, the actual 
value of this sjiei/d ln‘ln|» ihi* ratio of these ipianlilies. 
It is assmiKsl that this aveiaf^e s|m «s 1 occurs^ at 
least one instant in the mteival of lime, mtiuely the 
middle instant, so that hetwei'n the hoimdinij or(fiii- 
atesof the time interval another ordinal! - termed a 
mid-ordinate—is set uji, and on this line tire corre¬ 
sponding average sjK*ed value is set off. The curve 
drawn through the {joints so obtained is a s{»efd-tiino 
if) 
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curve, and it indicates K™pli'cally the relation lietween 
the instantuneoiiK spo*’d and the time. This process 
which is illustrated in Fig. HI is only approximate 
from the theoretical ]X)int of view, though practically 
in all ordinary cases it gives results which are both 
reliable and satisfactory. 

The fundamental principle of th/i second method is 
indicatisl in Fig. H2. In this figure the curve shown is 



I'm. S3. Fumlaim'ntsl travel-time carve. 


a travel-time curve. \Yc will suppose that we wish 
to know the instautaneous speed which corresponds 
to the point Z on the curve, and therefore to the 
time 0/,, from the starting (mint. The correspond- 
iuj'travel from the starting point is OZ,. Ijet ps 
take any two points .\ and B on the two sides of Z 
on the .curve as shown. Then the average speed 
A B 

is equal to .' , hut we do not know exactly 
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whore this occurs, thmijih, if the curve wore n 
straitjht line, ii would occur at every point in it. 
Imagiue the points A ami It hronuht closer and closer 
together on the curve until they are laitli in contact 
with the [Krint Z, one on each side. Then, sinw 
points are regarded as licing of no linile dimensions, 
we may assume that the three* jiointa are in the same 
straight line. This straight line is called the tangent 
to the curve at the jsiiiit Z. This is a geoun trieal 
concept, in the liguro it is the line XZY, in which 
X and Y arc any (siints whatsoever. The instan¬ 
taneous S|s ed at the |X)int Z is the average speed 
which would occur if the curve were identical with 
the tangent XZY. l!ut the value of this latter sfieed 
is determined hy the tangetit (trigononictiical ratio) 
of the angle which the geometrical tangent XZY 

makes with the horizontal. This equals . 

^11 l|i 

Therefore, the instantaneous speed at Z, Z,, and Z,, 
also equals this. If we make X,, Y,, equal to unity, 
then the instantaneous speed equals X, Y’,. Hence, 
the position of the {loint represeuting the s|H'cd at Z 
is obtained hy setting otf the distance X, Y, on the 
ordinate Z,, Z from Z„. 

This indicates the princijile of this method, which 
involves the stdecting of a series of [roints in the travel- 
time curve, the drawing of the gezMiietrical tangents 
to the curves at these ))oint3, the construction of right- 
avgled triangles aliout these tangents with unit Isiles, 
and the setting olT of lengths equal to the. heights of 
th^triangleson the ordinates which passthrough the 
selected points from the line of ahscissic. 

Beferring again to Fig. HO, it will be seen that tlio 
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iiiaxiniiini forward specsl is much loss than the iiiaxi- 


rnuiii rctiiin speisl, thu ratio lu inn 


and Its valuo 
OB 


ahonl 1 to :i. rnrthorinore, it will Im notioisl the 
time ouuupied in aeeoleraling the motion of the talde 
in the forward stroke is much ftn atei than the cor- 
respondiiij; jieriisl of retardation,,whilst in the case 
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of the return stroke the two corresjiondinj' periods 
are of aliout the same duration. 

In Bk. H3 is shown the graphical relationship l^t- 
tween the instantaneous sja-ed of the table or ram 
and its travel from the starting jioint. It is deriyed 
in exactly the same way ns is the curve given in Fig. 
80, though in tliis case the travel of the table is taken 
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as tho otluM- co-onlinatf iiwioad of ihr liim*. That 
19. tho oixlinalfs of ilu* futulainontal curw m Ki^: 7'd 
an* taken in pluci-tif ifn* al»sci-*s:i in the foinmtion 
0* the new cinvf. The spe^'ils ().\ iiiui 015 uie 
identical wiiii the s|iue(l> OA and (Mt in Ti*^ Hi. 

In thi*< cui’Vi* are siiown the di*<laiic<“< of aeeelei- 
ation and lelaidal m in lii*' travel of tin* tahie as 
distinct froiii aceelrration am) leiaidution peiiods as 
^iven in I’li:. 

The averaj,'*- sjn'i-d foreaeli ol t)ie sttf>)\e'». and al^n 
for the cycle, can Ih* rr.idily olaani'-d h\ duidin;’ llie 
travel of th-* lahlc or ram In' th«‘ ilmation of t)M’ 
strolo.', 01 cycle Tliem- (jnunlitics c.ui also l»e 4»l)' 
tained hy snitahlv avcrai;in;^'(l»y any om-of thenoveial 
nU'lhtHls availalih') the yvliolu diagram or tlie paits 
thereof j;iv<*n m I’l;'. SO, 

I'oyyKK F».i:i) Ti:s'is. 

T!»c fetnl twlietlier poyver or liand-actiiatedl of a 
nmchinc tool is the moveruent of the eiittin;; tool 
yvith res|M*el to tin* work, or yice veisa, wliie.h eiiahles 
the former to work over tfie sin face of the latter. It 
ia irrcsp<‘ctiv<‘ of th** di'ptli of the cut, and it in also 
distinct from tfio speed, its vahn* iKentj. in all case's, 
much less than that of the sjMX'd. 

In the majority of maehinC'tooIs (such as lalh*‘S 
and pIanin|,Mind drillin;; machines) tlie direction of 
the feed movement is norma! to ifiat of the speed 
nipvement, atid in only one or two cases, suc)j*as 
certain forms of milling; and yrindmu, are the tyvo 
motions even a))j>roximalely ))arallel. • 

1. Definitions of Feed. -Then- are tyvo 
ways of stating the feid of a lathe tool yyith res|a'Ct 
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]»() 

to the work. The first wivy is to state it in terms of 
the travel of the tool per revolution of the spindle; 
this may he nailed the linear feed. It is always a 
distance, and in the vast majority of eases it is less 
than one inch or oni' centimetre jier revolniion of the 
spindle. The si‘cond way is to state it in terms of 
the numlier of revolutions of the epindle required for 
each inch tinverse of the Usd ; this may !«■ termed 
the rotational feed. It is always a number, and in 
the ;'ri,ater nundrer of cis(!s this is ereater than unity. 
These two feeds are reciprocals, as the following 
considerations will show. Ijet F, and F, !«■ the two 
feeds r*!apectively • T the traverse advance of the 
tool in inches in any given time; and K the iiumhcr 
of revolutions mode by the spindle and work in the 
same time. Then— 



1 

N‘ 

T 


But, F, . (37; 

Therefore, F, = \ . . (38) 

I 

and P, X F, = 1. . (39) 

Drilling Machine .—The ordinary feed of a drill- 
in'g machine can also be stated in two ways thsse 
being identical with the above. The linear feed is the 
axial or longitudinal movement of the drill spindle 
per revolution of itself; the rotational feed is the 
number of revolutions that the spindle makes per 
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inch of longitudinal movcmcnl. Tli«y arc rfcipiocak, 
the first iKiing a distaniM! and tlin si-cond a nnnibrr. 
In addition to the alxw. Ihcro is the feed which 
is rolattsi din etly to the unit of time. It is defincil 
as the longitiidmal or axial niovement or imverso of 
the drill jier nunnte, and as sneh is dependent upon 
the onliiiary feed and the spei-d of mtation of the 
drill, as the following eonaidemlions will indicate. 
Ijet I'’, and I’, he the linear and rotational feids re- 
sjieotively; I*’,,, the feisl in inches |M’r minute- Uiis 
may lie termed the unit-time feid ; N the miinher of 
revolutions made by the drill spindle in iinv given 
time; T the total axial movement oi traverse of the 
drill in inches in the same time: and M the given 
time in minutes. Then - 

I'w 

But, T N X F, and ^ lfromex]iressions(.i(i)and 
(37)): 

therefore:— 

" "" « X .<■") 

and also F„ = ^ , , f.l2) 

M X r, 1-, 

the symltol n in each of these expressions re)iresent- 
ing the rotational speed of the drill spindle in re¬ 
volutions per minute. 

Milling Marhine .—In connection with the ojsire- 
tiong of this machine there are three dilTerent feeds. 
.The first is the feed movement jsir cuttep tooth and 
may l>e tenned the linear tooth feed ; this is a very 
small distance and varies is magnitude from 0 0003 



ISi TKM'iNji or maciiim; tools 

in. to () ()4()0 in, Tho second is tlie feed movement 
per revolution of ttie ciittor and may lie termed the 
linear cutter feisi: this also is a small distance. 

The third is the teed inovemenl per minute and 
may he <leserilH'd as the unit-time teed ; this has the 
largest value of thi- thna-. The relations Is'tween 
these are given in the following considerations of the 
case. Iiet 1',- he the linear tooth teed in inches jwr 
tooth; K the linear cutter feed in inches jier rl•volu- 
tion; r,„ the feed in inches pel minute: >i the 
rotational s|K'ed ol the cutlei in revolutions per 
minute: and (' the uunilaT of leiuh in the cutler, 
those being assumed to ho ctenly spaced. Then 

V. I- > a, ii;it 

F, F X F (-Id) 

and F... h', y » x (' . . . (d.'i) 

In some cases, instead of the linear cutler feed in 
inches Jier revolution, it is the rotational cutter feed 
in revolutions per inch of travel which is given. 
Ohviously, these are reciprocals. It is much simpler, 
however, to have to deal with ihiee fei ds, as above, 
which ate of tlie .same general type. In using this 
rotational cutler f<‘ed m connection with expre.ssions 
(4.'1) and l4 t), it is necessary to invert it in order to 
ohlain its reciprocal F,- 

(irindnui Mafliiiirs .—The feeds in this case are 
(i) till' leisl movement per revolution of the grinding 
wheel: (d) the feed movement per revolution of the 
work '(where any exists as in the ease of circular or « 
cylindrical grinding): and (:1) the feed movement per 
niinnte. Tl'o relation Is'twwn feeds (1) and |3) has. 
already iK'en given in ex]iression (411). A similar 
expression repix'sents the relation lietween feeds (2) 
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and ili). UotwtM ii fo«Hls |1) and tin* relationslup 
i« a varial)l«* oia*. tlu* raiio ot i!h’si‘ (♦‘(•d** hoiii^i I'ljuul 
to th»* invcisf Miio (*! ifit- loiinional >^)»c<U<)| llic 
two flonaait** 

i'Ltnniii iiti'i Sintft,t<‘i Mill T!u*n'uiv >>nl\ 

two f(*(ids in this rase Thry .ir»- il) tlw' tK'riiiui 
feed in inclu-H |m*i (timing’ siroke. and I'J) ihu unit- 
tinio fnnd in inrins |m‘i nnmUn. ‘Da* rnlalion ho- 
two«‘n thr t\\<» K a ^iinpli- on**, as n nidimtrd in tlu* 
following cnnsidiTsuiohs l.*-i \' tlu* l“l•d )u»r 
uuUin«' siroki' in nu-lms. I’.., tho lufd in itu'lu*s per 
niiniitc; and S ilu* tminln r of I'littin;: simkcs niadr 
jK-r ininiUr. Tlien \sc liaxc ifiui— 

I’, 1'. V S. . (Km 

(icill ( Hlhll't Itlhi ifililtin'l Mill hint'-. d’lir IVhIs 
which .Ilf upuralivn on iiiachuifs i.f tins tvprdfpi-nd 
ii)Kjn the d<-taiU of tlu'ii dfstfn and tlu piinciph- 
which luulcrlics their opcnUion. In some cases tii 
spnr-jt^sir cutiinj'. the Iccds ate ideniicul \Mth thoKi* 
which exist in tlu* case of milling machines. In 
other cases, the three puncipal feeds aie (1| the 
feed |aT levolution of the ecai-wluel hlank, m 
iuciics; (li) ih'* feed jKT t<K)th formed in the gear- 
whoci hhink, also in inches; and (d) the feed in 
inches per luimite. The lelatioiis l«!t\Ne»-n these 
three feeds are as follows: - 

K, r, / C . (I7| 

i-'„ F, ^ . . •(4H) 

and F,„ I', y fi / e . •(■IK) 

where F, represi'nis the tooth feed, in inclu's jM‘r 
tpoth ; F^ the lil.ank feed, in inches per revolution of 
the hlank: F,. the feed in inches |M‘r niiniite; (1 
the numlier of k*eth to l>e cut m’thc hlank; and 
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n the rotational spcul of the blank, in revolutions 
IHir minuU!. The values of F„ F,, anil F... are all 
coinpamtivciy small in Rtieh cases, ami the value of 
« is related directly to the nuitdter of teeth to lie cut 
fn the blank, the muiiber <if thii-ads on the hohhing 
cutter, and the rotational s[icod of the cutter. The 
relationship between these four latter <iuantitie8 can 
he expressed in the following eijuation :— 

« >■ (. . (oO) 

where «, repiesents the rotational si»rd of the 
hohhing cutter, in revolutions ]ior minute; II the 
nuiniN'r of sejmrale threads on the cutter; and n and 
(j have the meanings given to them above. 

2. Tests.—In the experimental determination of 
machine-loot fetsis —whatever their delinition—it is 
necessary to know at least two quantities: a distance 
and a nuinlier of revolutioa.s, a rotational sjiecd, or 
an interval of time. 

In such tests distances can be obtained by taking 
measurements between scrilicd marks which indicate 
the two positions of a fixed ]x)int on the sliding 
element corresponding to the initial and final test 
positions of the latter. Or they can he obtained by 
making use of fixed test pins and an outside micro¬ 
meter gauge, as in the case of the tests on lead and 
feed scn'ws, one test pin being secured to a fixed 
part< of the machine, such as the bed or knee, and 
the other to the sliding element, such as the slid^ 
^ rest, table, or spindle. The latter method is capable 
of giving^the more accurate results, though tlie pe(- 
centage error which naturally occurs in the case of 
the first method can lie substantially reduced by pro¬ 
longing the test and making the distance greater. 
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On inivchin(“s, such as tipriKht or pillar (Irilling 
miHitiiiii's with iiradnatoti spindli's ami horixoiilal- 
spinilli; milling machines with inicroinctcr-ilial feed 
screws, it is, of course, a cnm|»irativcly easy matter 
to tni’aanre lissl ilisianci's with a reasonahli' degns! 
of accurai'). 

3. Test Results.- Thnre apis'ars to he ahiindant 
reason for thi' arrangement of initchine-tool gsiwer 
fissls (of thi' linear ty|M', and not the rotational) in 
geometrical progression, and this irres|s’etivi-of the 
niimlicrof fissls in thi' range, In practice, however, 
machine-tool [inwer feeds are arranged in regular 
arithmetical, geometrical, and liarmomcal progres¬ 
sions as well as in series which an< more or less 
irregular and follow no lixed law. 

-Ill Tahle IV is given a seiies of eight 
feeds taken from an exgicrimental lathe;— 
TAltljR IV. 

t.ATHE KKED SERIES. 


“f I'Votl. 


I 




4 


6 


ill liKilivs |H'r Kiktio nt ('(iiistYiitiVR 


Ht'volutiiui 

lit Kpinilli'. 


IHU7 1 


1-47 

0-025 [ 



O-OSl, 


J‘»7 

0050 j 



O'OHft j 


I'.TO* 

0120, 



0107 [ 


I -W 

0-2A0 ^ 




7 
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Kroiii thi- list ot ratio'! of consecutive (eeds it will 
be seen that this seri!'s is what may !«• termed, for 
want of a beUiT di'scription, an irregular ei'onii'trical 
Itroj'rcssion. The avera'»e ratio of progivssion is 
|••^7, and thi' extn ine values are l'.3(iand ]T>(I, these 
showiiiit |)Orei ntiii;i' dilTi iences ot 7 0 and S S per 
ci'iit ivspecl ively. 

On !i smaller huh'' with only tour-power feeds it 
was found that these wi'ie as follows: (1) in.; 
(:i) in.: i.'t) in.; aiul it),', in. piT I'l'volution of 
the spindle. .\n examination of this serii'swtil show 
that its terms an' in harmonical progression, since 
Itl. t!'f, Oil, anil IS are in arithmetical inopression. 

In another case, the four feeds ot a small lalhi' 
wore found to he (I (1(1370, O'dt’.OO, and 

0('l(i7 in. per levolution of tho spindle. If thi'se 
values ate analysed it will he seen that they are 
practically in a leeiilar eeomc'trical inooression, the 
averajje ratio of pro}'ression U'inp I '.OO. 

hnlhlui Miii-him ,—In Table V are oiveii the 
ei({ht jsiwci'-fei'd values of a hifth-speeil esperimi ntal 
drilling niachini'. 

.\ perusal of this list of feeds will show that this 
series .iNo is a slightly irregular geometric one, the 
avenige ratio of progression being Tf.S as against 
I'17 for the aliove case. In this casi' the two ex¬ 
treme percentage differences compared with this 
value are tl'O and 12'.S pi'r cent respectively. These 
figures show that this series is more irregular than 
tho eight-feed lathe aeries dealt with aliove. 

(3) Millimi Jl/iK'fiiHt'.—The feed motions of lathes 
and drilliDg machines are almost invariably derived 
from the work or drill driving spindle, so that to 



an'i n-Ki* ti’sts 


uU«r ihe it is nens'^an in all such cases t<» 
inako ihe clianp* in ihr tiaHl-chanu'*’ nurluinisiu, 
sine*' jiii\ elun>i«' in tin* spimlir s|n'* tl ullreiH njually 
the imil-tilin' leeil (lh.it iv. the IruNeisi* luhanee |)Or 
iiiimitel. In oih« r \\ouls, ilieie is a ilerniite, lixeil 
reialiun f»el\se<‘ii the '•jiinille iiioluui ami llie leeil 
Illation (il all question at heh-shp. when* a feed- 
ilnve licit Is Useil. Is iie^ieeletli. ainl the Imeai fee<l 
cannot he ehaiii:e(l hs alleiin^ the s|iei*il, 

TAIJLK V. 

MilM.INti MACIIISr. n.l 1‘ Sl.UIl S. 


So, mI 

1 »••••!. 

K- .-I. Ill hi' |M 1 It' ' 'i'i n 

iMlI "I Sji.li‘11' 


1 

1 

l-'.l 

■i 

(HMI.Vlj 

l-.it 


0 (mm;7 

1 • l!t 

4 

o-Oliin 

1*1.7 

3 

O-UlliT 1 

J-MI 

ii 

1 

i-;ti 

7 


1 .VI 

s 

leoiisi 



On some desi^msol millinit niaehine this eowuuion 
holds also, and the only ell**ut on the feed when ihe^ 
spindle spt'ed is chanK*al is to alter the unit time 
ftiftd, the linear feed i>er revolution and the linear 
feed per tooth remaining unchai g’ed. In such eases, 
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lh« numlKir of unit-timo foods {lossiblc is equal to 
the product of the immljer of available spindle specids 
and the uuml)er of available linear cutter feislg ; or 

j' == // X ; . . . (51) 

where J = the nunilKir of unit-lime feeds; y the 
nuiiilicr of spindle s|H!eds available; and z the 
number of available linear cutter feeds. 

In coutia-distinction to the alx)ve, some milling 
machines are so designed that the feed motion is 
derived quite independently of the sptied motion, 
either from the same countershaft or from an inde¬ 
pendent countershaft or motor. In such cases, the 
number of unit-time feeds available is limitt'd, this 
depending u))on the design of the feed-change 
mechanism, and the number of linear cutter feeds 
possible is equal to the product of the numlier of 
available spindle stieeds and the numlrer of available 
unit-time feeds; or 

r =■ .r X . . . (52) 

where /, y, and z have the meanings ascribed to 
them in connection with expression (51). 

In the case of the first type of milling machine 
the feeds which are experimentally determined are 
the linear cutter feeds, that is, the feeds in inches 
per revolution of the cutter spindle. In the case of 
the second typ«‘ the feeds dealt with experimentally 
ate the unit-time feeds, that is, the feeds in inches 
pur minute. 

• In Table VI are given the twelve unit-time power 
feeds of a modem horixontal-spindle milling machine 
of tlie second type.. 



MArHINK-T(><)L SVKKII ANIl JKKKI» TKSTS ir(9 

TAlll.K VI. 


MII.I.INd MAcmSK I'KKI) SKUIK.S. 
hifli'jn'nilrtil IWtl 
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lit lin'lns [H-r 
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iLtliit <i| Coiiso iitn 
IVf.ls. 
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These feeds Imve Isieii plotted ugaiiist their xwiiec- 
tive numbers to form the curve given in h'ig. 84, The 
curve is a fair one through the ])Oints as actually 
plotted, and it will he scicn that ail the points lie 
fairly evenly on the curve. This indicates that, 
whatever the nature of tho law *of the progression 
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of the feeds, tln5 ))ro/^essioii is a fuiily refiular 

OIH*. 

My obtaining' Ok* itulividim! vahits of the miio of 
cotisc^cutivc feeds as j^ivpri iti tfie ttdde we can see 
whetlier llie series is of the f'eomelrie tyjH* <»• not. 
It will be noticed Oiat tliesM' VAhie-, an* fairlv rei^ular, 
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van ii^ only (i-oiii 1 ’SCi to 1-1(7, and giviiif' an average 
•valiH'.of 1-3:!. We may, therefore, assnini-that the 
aeries is of this type. That it is not either an arith¬ 
metical progreasion or a harmonical one will 1)C plainly 
evident from even only a cursory examination of 
the series. The 'extent of the variations in the 
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V»lui' of thi’ I'HtU) of coiisi'Ciitivo K|H'<ils ciui !«• 
shown uniji))iciill\ l>y lui'ans tif a diiip-ain of the 
form of Kij;. 72. 

Od thi> parlifutiir niarhitio in ipinstton it was 
found Dial llio '.|iindli' s|H'i'ds ran^'od from 13 to 
4(!7 n’voliitioiis |ior minuli', tin' iiuiiilier of sihskIs 
iKiing 10 and the average ratio of I'onscciitivi' ■.jHs'ds 
1'27. Uy moans of thesf liouroa wo iian ohtain iho 
maxiiuum and minimum liiioar cuttor foods, 'rhoso 
are O'HO and (MllIKlT in. [s>r roTolution of the oiittor 
raspoctivoly. 

(.'oiieorninf' tho maimor in whioli tho liiioar oiittor 
feed C'hangns in such eases as this, it can he readily 
demonstrated that, if tho iiiiii-timo feed and tho 
spindle-spood iirottrossions are ri-('ular ('eometrical 
Olios with the same ratio ol inoKrossKin or aiiooesaion, 
tho liiioar oiittor food series is also a I'oometrical 
one wiili the same siiooession ratio. 

Thus, wo have in this case that— 

F,. -- b' X >■’ ' . . (fi.'l) 

where F.. is /th unit-time foo.d, F -- the lowest unit, 
time teed, and r => the ratio of i)ro(»ression or sue. 
cession. Also— 


N ■ ■ ■ (•«) 

whore N, is the »th speed. N, is the biKhest speed, 
and g the number of terms in the sfieed series. 
Then— 


F,. _ F X o' ■ 

“ N. “ "N, X V" ■' 


F, X r' 


(05) 


where F, = the lowest linear cutter feed. Since I 
and M may have any integral values within their 


11 
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respective mngee, and g has a hxed value in any ona 
case, it (ollovrs that the linear-cutter feed series is a 
geometrical pr(>grossion. When the two ratios are 
nearly equal, the deiiartun; from a true geometrical 
progrt*ssion is very slight indeed. 



CHAI’TKR IV. 

MACHINE TOOl. MKl ll.WIC.M. KKI’K IKNCY TEhTS. 

liy the cxprciisioii " niochitiiiciil cniciciicv " it mount 
the ratio tn'twiim the nnunmt of nifchanical oiii'ii'y 
which is usefully oinployeil in a nmchino in a ('iven 
time and that amount of the eneigy which is sup¬ 
plied to it in the sikinc time. In a machine-tool 
the two essential movements are those which pro¬ 
vide the cuttint; specsl and the feed, and the enerKy 
which is usefully employed in such a case is ahsoi hed 
in overcoming; the resistances to the cutting-sisied 
movement and those to the feed moV(uneut, irr<^ 
spective of the conditions which obtain in regard to 
the identity of the elements of the mitohinc to which 
these two movements are individually or collectively 
given. 

1. Input Determinations. --The determinution of 
the amount of input energy cornmunicitted to a 
machine-tool for one part of it only), or the. input 
power, can lie made in at least three dilTercnt ways. 
These are (1) the electric motor method, (2) the 
tr|DUni8aion dynamometer method, and (2) the 
cradle dynamometer. 

EUctrie Motor Method .—fn this method an electric 
motor is the power-supplying element. It is neces¬ 
sary in eveiy case to know the ettieiency of this 
(163) 
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U\4 

mikchitii', sinci' the nuljnit of this is the* input of the 
mactiini'-tool. In (lct('rminint{ this cfliciency the 
input must Im pivi ii liy inciins of n wattmeter in 
the case of an alternatiiiH current machine in order 
to eliminate the intluenoe of the power-factor; whilst 
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in the case of a direct-eurroni macliine cither a 
wattmeter or a voltmeter and amiiuiter may be used. 

This input is given in watts of electrical jatwer. 
It is convorksi into horsi'-jiower by means of the 
following expression;— 

Input Horse Power =. . (50) 

When, with diosjt cunvnts, a voltmeter and am¬ 
meter i)re used together, the wattage equals the 
product of the reitdings of the two instrumeiits. 

The output of the motor, or the motor B.H.P., or 
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().n.I\, is usually ^•xfH*rim«ntJllly lU'U'rniiiuKJ by 
means of a friction hrakt*, thoiif^h thiMc an* also 
sptK)iaI quasi.elfrlriciil ini'tluxls in list- in conma'iion 
^vilh such work. 

A siinplt'forni of this type of Inako. usuallv known 
as tho iVony brake, is repri'smted in J’i^. S.1. The 
frietional resistance is set up at the rim of the ilriviii;' 
luilley of the inolor. or a s|M*cially litled brake tlriiin 
(pn^ferably water-coohuli, throiii'h tin* meilimnof two 
blocks of hart! wood which are preswd on the pulley 
or drum by means of tlu* nuts shown. Tin* in¬ 
fluence of the frietional nsistatice is resisted by 
a pillar, P, upon which rests tlie firm, A, of the 
brake. This pillar rests on tlie platform of a w«*ij;h- 
ing machine, oti which the downward forctj {seme- 
times called the “ load ") is mcasun'd. The H.ll.I*. 
or O.ri.J*. is calculated by mejiiis of the following 
formula:— 

JS.II.l’. 01-O.II.l’." • • (fl7) 

where L = thi: length of the .inn, os iiidiciited in tlie 
figure and ineasui-fKl in feet; N = the niinihor of ro- 
volutioiiKof the arnmtnre shaft perininntc; ilnd \V» 
tho net load registeiwl on the weighing machine. 

In regard to the olitaininent of \V, it should be 
observed that when there is no rotation and the Inake 
is fres; on the pulley or drum there is a eomiioninit 
of the weight of the brake exerted on 1' and the 
pl&tform of the weighing machine. This should 
always lie allowed for by suhtroctioii from the gross 
volae of W, though it is a {mint which in maif^'cases 
is overlooked. 

This is practically tho simplest form of brake .or 
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abmqUion dynamometer. It is possible, however, 
to apply in this case any other form, such as the. 
rope brake, anil obtain practically tbe same results. 

In designing a I’rony brake drum, the diameter' 



aild width of the rim should be such that at least 
0'A2 square foot of rim surface is allowed per hoyse 
power absorbed. 

In tpaking the teat the electrical meter readings 
should be taken at the same time as the brake load 
and speed determinations. 
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The elliuieiioy of the motor in any Kivon case ia 
dotennined as follows 


Motor Ulticioiicy 


or l; 


Hmku Ilor«* Power 


Ininit Horst' Powor 

H. II.P. 

I. M.P. 


(59) 


The fuiitliimciital principle of this inetlioil is the 
determination of the mivchine-tool input |)ower hy 
multiplyitiH the motor input power hy the ellicleiicy 
of the motor. To he al>lo to do this for a rant!e of 
powers it is uecessary to have either a table of motor 
eQlciencies or, hi'tter still, a curve of moloi ellieieneins 
with either the input (Kiwer values or the output or 
load jtower valui'S as ahscisste. If the motor is a 
variahle spct'd motor, then this should lx; ilone for a 
number of s|Masls, tliou)'h it will he f'eni'ially loitnd 
that the sis'od in the estse of a variable s|H'i‘d con¬ 
tinuous-current motor has not a very marked in¬ 
fluence on the overall motor elliciency. This is 
shown in h'iK, H(>, which roprest'iits the case of a 
40 H.H.P. shunt wound motor provideil with seritss 
inter-poles, the speed variation la-tne efl't.'clod by 
means of it rheostat inserted in the livid-winding 
circuit. 

Knowing the motor efliciency for any given set of 
conditions, we obtain the machine-tool input jiower 
by using expression (59) in the following form:— 

Machine-tool Lff.P, - Motor I.If,P, x ij , *(60) 
•The value of ij is, of course, taken from the table or 
curve of motor efiicienciea 

. Trattumiision Dynamimeter Mettuid. -tA traus- 
tnisston dynamometer is a mechanical device for the 
meastuement of mechanical power without oonsum- 
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ing i(, that is, without causing its conversion into 
heat, wliicii is the characteristic of the ahsorfition or 
. brake dynaniomeU^r. 

There are at least four different types of tran.sniis- 
sion dynamometer which aie capable of application 
in connection with the tsistingof macitine tools. These 
arc: - 
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1. Dynamometers in which use is made of ladt 

teusion; 

2. Dynamometers in which use is made of gear- 
^ tooth loading; 

3. Dynamometers which work upon the spring 

torsion, tension, or compression principle f 
and 

4. Dydamometers which work on the thrust 

priuciple.. 
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The priiiciplo micliTlyinf' tlio iietioii of tlie lirsl is 
iiidicati'il ('Tspliii'ally in I’i^- f<7. Two piillfys of 
equal (lijiiiieters ale nioiinteil ill a sliiliii); or swivel- 
ling frame, the two sales of the Ih'Ii fi-oiii the driving 
to the driven pniley passing on the inside of the*' 
pulleys. liOt T, he ihe driving.side tension and T 
that of the driven side. Then, if (i is one half of the 
angle iH'tweeii the two sides of the helt as shovii, 
we have that - 

T. 2T| sin« . . (til) 

and T., 2? sing . ((12) 

Ix't U he the lesnltaiit of these two forces, then 

It T, T, 

s 21?, T) sin ft. . (IIH) 

from which we get (hat - 

''I’.-T) 2sinf/ ■ • C’-*) 

Iset ]J the diameter of the driven |)ulley (machine- 
tool pulley) in inches, and N -- the B|hiui1 of this 
pulley, in H.l’.M. Then, we have that-- 
I) a N X It 

Machine-tool l.II.l'. . ^ ((e)) 

The measurement of the force It, which is the 
force required to keep the pulley frame in one posi¬ 
tion and the value of S constant, can he olVected 
either mechanically or hydraulically. 

In i'ig. a muchanical method is indicated- ft 
^ will be seen that the two jockey pulleys are mqiinted 
in a pivoted three-bar frame. The weight W acting 
on this frame resists the u]iward turning moment ot 
"H on it. A plumb js)inter 1’ is employed to assist 
in the maintenance of the iioiin&l position of the 
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E = 


(66) 


frame. The value of S is determined as follows 
W X L 

L and L, representing the lengths of the two arms, 
as indicated in the figure. 

Another meclianicnl method is to weigh the force 


B directly; it is not, however, quite as good as the' 
method of moments since it d<H» not admit of the 
game delicacy of balance. 



The hydraulic method is repiesented in Fig. 89. 
The driving and drivtui pulleys are indicated by the 
letters FF. BB are two pedestals. F is the jockey 
pulley frame, and S is a horizontal bar, by means of 
which the condition of verticality of the frame F is 
maintnioed. The frame is supported on a plunger t 
A which fits in a cylinder C, this latter being filled 
with oil ^d communicating to either a pressure^ 
gauge or an engine indicator. In the case of 
fmsner the pressifie of the oil is read off direotiy on 
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the scale of the gauge (the average of a number of 
readings being taken); in the latter case, the average 
pressure has to he olitaiiiml from a diagmni similar 
to the one shown in l^ig. 90 by finding the mean 
height of the ordinates. In this figure the line AB 
is the no-load line ; the line (!l) is the load line, the 
mean ordinate height Iteing taken between thess' two 
lines. 



Tile value of B in this case is determined as fol¬ 
lows :— 

K 1* X A . . (07) 

where P = the specific pressure, or pressure intensity, 
in lb. per square inch, as obtained, and A -- the 
cross-sectional area of the plunger A in> square 
inches. , 

The form of transmission dynamombter in which 
toothed gearing is employed is represented in Fig. 91. 
The gearing employed is of the bevel differential type, 
B. P is the driving pulley; P, Is the driven pulley; 
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S is the driven shaft or spindle, say, of the machine- 
tool ; and A is an arm attached to the middle Rear 
wheel, its motion IssinR limited in the manner 
shown. The arrow It inilicules th(‘ direction that 
the arm A would take it it were allowed to move 
throURli any ajiprecialile angle. \V i'e]irf‘sents the 
weight which is required to keep the arm A floating 
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Em. 90.—XrHnwiiinsiuii ilyimmoiiuliT nine, 
under any given set of conditions. In this ca.se, we 
have that— 

Ij X N X \V 

Machine-tool I.ll.l’. = (6H) 

\V and Ij having the meanings given to them on the 
diagram (L Iwing in feet), and N Ireing the sjafed of 
the driven shaft S in revolutions per minute. 

In Fig. ‘J2 is shown one form of torsion transmis- 
sion dynamometer. P, is the driving pulley and P,, 
is the driven pulley. The element which connects 
these two is the helical spring, S, and the power 
which is transmitted at any instant is directly pro¬ 
portional to the relalive angular movement or angle 
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of torsion or twist iH'twiH'ii the two eiiils of the 
spring. This siigle is (leteriiiiiiisl liy means of an 
eo«‘iitrie, li, which is sccureil riniillt to thi' ilrivnii 
pulley, l’||, and a vilmiting sliile, \'. This sliilo 



Fid. !>].--TmnKiiuHMir>n fi.vnfiiiioiMetcr. 
cairics a pencil, M, at its outer end, the pencil 
working, in conjunction, an indicator drum, 1* The 
rotatory movement of the eccentric is convertttd into 
a quasi-simple harmonic motion of the vibrator and 
pencil, with the result that when the indicator is 
rotated through jiositive gearing from the driving 
pulley (the gearing having unitl ratio) the uencil 
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trsoeii a quam-sine cnrvQ on the indicator card or 
paper. Such a curve ie ehown in Fig. 93, in which 
are represented a no-load curve and a load curve. 
The distance I) represents one complete revolution 
of the driving pulley, and U, the angle of torsion or 
twist. 

This forni of transmission dynamometer requires 
calibration, so that for any given value of 1),—which 
may be temusl the curve dis|)lnccment—the power 



Km. 93,—TarsiiMi traiiHiiiissKm dyiiHiiioiueter. 
transmitted can bo obtained. Otherwise, the instru¬ 
ment is useless. Calibration is effected by means of 
Prony brake tests. The power transmiths] is com¬ 
puted by means of the formula— 

.. . , ^ I), X N X constant 

Machine-tool I.H.P. - - g ggij- - (69) 

t^ value of the constant being determined from the 
brake test-results. 

. Where the load is variable, it is better to work out 
the power transmitied by integrating or planimeter- 
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fng the area which is enclosed within the two curves. 
In this case, wc have that 
Machine-tool 1.11,1’. 

=• Area of diatjrani x N x constant ^ 
3:1 tKK) • 

the value of this constant heing rclaleil to that of the 
alx)ve. 

In another form of torsion transmission dynamo- 
meter the torsion is ineasuissl hy moiins e.f a senes 



Flo. ttS.—Torsion tmnsiuiKsion rlynninoineter ourvr, 

of pulleys and cords, the cords passing round the 
two parts of the shaft and controlling the move¬ 
ments of a scale and ))ointer. The scale is graduated, 
BO that the constant for any given set of conditions 
is read off directly. , 

In the spring tension form of transmission dyna¬ 
mometer, helical springs are used betwe^ coupling 
Jianges, the amount of their extension being measured 
throi^ the medium of differential gearing. In the 
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spring oompii-ssion form, a spiral spring is nmploynd, 
lh<' relative ttiovemeiil of the outer end being com¬ 
municated through a cam and shaft to an indicator 
|iencil. 

In the thrust form of transmission dynatnometer 
the tangeiiital or twisting force is resolved into an 
axial force or thrust hy means of a link or inclined 
plane device. This axial force is communicated 
through diaphragms to oil which is thus put under 
pressure. The characteristic formula is.— 

Machine.tool 1.1 t.l’. ^-N X I’X Constant . (71) 

where N is the s|H'ed in revolutions |»'r minute, and 
P is the oil pressure, in llis. per sijuaie inch. 

Cratlle Diniamiimeter Me.Hwd. In the a)iplication 
of this metliixl an electric motor is used. 'I'hc 
carcase of tho machine, carrying with it the held- 
magnet system, is arranged in a swivel or Irtinnion 
frame, and an arm attached to it is su|i)K>rted at its 
outer end on the jiillar of a weighing machine. The 
tortjue on the arniatun- which is exerted hy the field 
magnets rtsacts on the latter. This reaction is 
weighed h\ means of the weighing machine, and 
is assumed to lx‘ a measure of the outjiut of the 
motor. The formula to employed in such a case 
is as follows;— 

ifachine-tool I.H.I’. (72) 

whereJs == the horizontal distance between the axis 
of the pillar of the weighing machine and the motor- 
armature axis (in feet); W the net load as given by 
the weighin){ machine readings; and N - the sjieed 
of the armature, in revolutions per minute. 

When the power transmitted is a rapidly varying 
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quantity, as it is in the cas.' of shaping nmohiiu's, it 
is desirable to have some autographic method. One 
such method involves the tracing of a graph or curve 
on an indicator card, the horizontal axis representing 
time or distanc<> tiiid the vertical axis the movement 
of the end of an arm attached to the motor frame, 
this niovetnent Is'itig proportional to the tonpii' 
exerted on the frame with a fixed load on it. 

Another method is to use a hydraulic piston and 
cylinder filled with oil or glycerine, and use in con¬ 
junction with these luther an ordinary pressure or an 
etigine indicator, preferably the latter in the majority 
of cases. 

Strictly sjteaking, this method does not yield the 
true output of the motor since it is hasisl on the 
pull between the motor armature and the motor 
field magnets, and does not cover the mechanical 
losses in the hearings at all. In fact, the nut|)ut as 
determined by this method is equal to the ])riMluct 
of the electrical input and the electrical elliciency. 
In many cases, however, the n'sults ohlainahle by 
this method aie sutliciently close for all practical 
purposes. 

2. Output Determinations.— /iaf/ie. -For the de¬ 
termination of the energy output of a lathe headstock 
a Prony brake may be U8i>d. The use of an alrsorp- 
tion dynamometer under such cireumstances is re¬ 
presented in Fig. 94, which iliustrams a brake? in 
the Machine-tool Laboratory of the University of 
Kheffieid. A is a I girder section; I) an oak block ; 
D.the brake drum (water cooled); ft the headstock 
spindle; L the lathe bed; K a knife-edged pillar; 
W a weighing machine; and P a suptxn-t for the 
12 
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weighing machine. By means of such a b»ke H ia 
possible to determine tbe headstock energy output 
for each energy input. 

The computing formula is:— 

L X N X W 

[feadstock O.H.I*. ■= . (73) 


where L -= the length of the arm, and N and W 



Fio. 94.—Stntp bmkcftg Applied to lathe headstook. 

have the meanings already given to them. In the 
actual case of the brake referred to, this became;— 

\VN 

Headstock O.H.P. = . (74) 

^ith this form of brake tbe load on the weighing 
machine is maintained as nearly constant as possible 
by the adjustment of the brake nut shown: In 
another form of friction test brake, the load on 
arm is absolutely constant, being a dead weight, 
any variation in the frictional resistance between 


HI 
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bnke drum and the brake blocks is allowed for by a 
movement of the weiKhted arm and a oonsoquent 
alteration in the real or effective leiii^h of the arm. 
The changes in this length can easily lie ivcorded 
autographically on a chart such ns the one shown in 
Fig. 9S. In this tigui-e H roi)resents the instan¬ 
taneous effective length of the arm and T the time. 
In this case, we have that:— 

11 X N X W 

Headstoci. 0.11.1*. - . (70) 



where H the average length of the arm (obtained 
by averaging the diagram), and N and W have the 
meanings already ascrilKd to them. 

The determination of the energy output of the 
' slide-rest of a lathe can l)e determined by meatft of 
• dead weight (or a number of such) suspended at 
the end of a wire or cord and attached to the tool 
ppst after being passed over a deflecting pulley 
meonted on ball bearings, together with a dead 
weight on the slide-rest itself. The dead weight on 
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tlic slidc-reKt in civcti cas«‘ filiouli] he four liniosi tho 
siiHiUimlcd weight in order to iiiiproxinmte to the 
conditions of nctuiil cutting. The output computa¬ 
tion is ciTected as follows;— 


Slide-rest O.H.l’. 


K X N X W 
H'Jti.hOO 


(7(i) 


where F, ■- the feed, iti inches per revolution of the 
spindle, and N and W are as ahove. 

Drillifig Maehiw ..—The spindle or twisting O.II.P. 
can he obtained in the same way as can the lathe 
headstock O.H.l’., that is, hy means of a brake test. 

The feed O.H.l*. can he readily obtained by sus¬ 
pending a dead weight from the spindle and raising 
this at a delinite feed rate; the determination formula 
is as follows:— 


Feed O.H.l’. 


f',. X W 
:)yi),0(MI • 


(77) 


where F„ « the feed, in inches per minute. 

Milliinj Miiehine ..—The headstock O.H.P. is de¬ 
termined in precisely the same way as is the lathe 
hciulstock O.II.P. 

The feed or table O.H.P. can Ire detmmined in the 
same way as is the slide-rest or teed 0 H.P. of the 
lathe. 

I’lanitKj Machine .—The O.H.P. of the table or 
platen can be obtained hy using a suspended weight 
attached to the table and raising it. Since, however, 
a p^pning-inachine stroke is considerable, a numboe 
of pulleys (all with ball bearings) or a deep pit is 
required. The latter is to be preferred, though 
usually it is the less easy of the two to secure. 
When the requiVed weight Irecomes considerable a 
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liall-boarinj; jmlli^y lilock with known I’lhcii'iiKt can 
Ik! employed. Hy this means the aetiial value of ihi" 
weight re(|uired can he easily leiluceil to oni'- 
lenth, or even less than this 

Skniii}i:j Miti'lniii'. - The 0.11.1’ of the ram of 
such a inachitie is a rather iliHiciiU datuiu to ohtaiii 
owing chielly to the raiiiihty with which the stroktts 
follow one atiother. The dead weight methiKl is not 
a|<)ilicahle here Is'eause of this rapidity of changes. 
The only possible metlusl is to work on some llnid 
which can either Ih‘ compiessed or raised a delinite 
amount. 

In one method the plungi'r of a hydraulic cjliiider 
is secured to the tool post of the ram, the ctlnider 
heing conneeted to two water tanks, one a delivery 
tank and the other a suction or snpplt tank. In the 
case of the former the upper jiart of the tank is lillcd 
with air which is kept under constant pressure h\ 
means of a throttle or relief valve which is fitted to 
the tank helow the water level and which allosvs 
water to pass fi-otii this tank to the suction or supply 
tank, the heiul of water in this over the cylinder or 
pump heing just snllicient to overcome the frictional 
resistance in the suction valve and jiijie. The average 
pressure during the forward or |K>wer stroke is oh- 
tained by means of an indicator diagram taken from 
the cylinder. During the return or suction stroke 
no work is actually done since the water just nms 
iftto the cylinder from the suction or delivery fank 
under the influence of the head which is maintained 
therein. This condition, of course, involves the use 
of special valves in the delivery and suction pipes. 
The cylinder I.H.P. is practically equal to the ram 
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O.H.P., the ditferenoe being an exosedingl; alight 
one due to the frictional resistance between the 
plunger and stutling-lsix packing. The determining 
formula is— 

~ P X Ij X A X N 

Ram O.fl.I. » 33,(100 ' 

the symbols having the usual significance. 

.\notlier method of determining the ram O.H.P. is 
to use the ram to drive the plunger of a hydraulic 
cylinder as aliove, but to raise the water from one 
fixed level to another. The ram O.H.P. is then 
related to the external work done in one minute, a 
quantity which can be obtained as follows;— 

External Power = . (79) 

where Q ■= lb. of water raised per minute, and H ■= 
the sum of the suction and delivery heads. The 
ram O.H.P. equals the product of this quantity and 
the cylinder efficiency. 

It is sometimes assumed that the cylinder I.H.F. 
is less than the ram or tool O.H.P. owing to the 
inertia of the plunger. This, however, is of no 
moment whatever for two reasons: first, the inertia 
or massiveness of the plunger is considerably leas 
than that of the ram ; and, second, the acceleration 
effect (at the beginning) and retardation effect (at ^e 
end) tend to balance one another. 

3, Tests and Test Results,— In making machine- 
tool mechanical efficiency tests it is necessary to rd- 
produoe.actual working conditions as far as possible, 
so that, for any given load on the machine unto 
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test, the frictional losses in the various working 
p^rts of the machine are ns nearly as jmisihio equal 
to those which obtain when the inachinc is actually 
working under the same load. 

In every case the useful power is the power which 
is consumed at the cutting edge or islgi's of the tool 
or cutter, and this includes both the (tower required 
to drive and the [tower to feetl. All the remaining 
power is, practically B|teaking, consumed in over¬ 
coming the internal machine resistances, and it is 
these which should Is- re)troduced exactly ns far as 
possible in the brake and detul-wcight tests. It is 
imjiossible, however, to accom|tlislt this exactly in 
the majority of cases, though the degree of inac¬ 
curacy which is involvtsl in the test restilts is tisually 
inappreciable. 

Lathe .—In the case of the lathe, the application 
Of a friction brake on the driving spindle has practi¬ 
cally the same effect on the frictional resistances as 
has the cutting of a tool. The difference hetweeti 
the two is in the thrust, which is created hy the 
cutting tool, but which is practically uon-existent in 
the case of the brake test. When it is desired or 
found necessary to make allowance for this thrust 
resistance, the thrust horse-power for various thrusts 
and spindle speeds can be reproduced experimentally 
by exerting an experimental axial thrust on the s[)md1e 
through a large thrust ball bearing and dead feigbt 
'or force applied through the medium of levers.• The 
dead weight method can only be applied in the case 
•of hollow spindle lathes. To approximate to actual 
ontting conditions, this applied axial thrust should in 



1K4 


TESTING 01’ MACHINE TOOI.S 


vnlue lie equal to one-quarter of the tangential force, 
measured at a distance from the sjiindle axis equal 
to, say, oue-half of the height of the lathe centres, 
which (»)rres|ionds to the loiui on the brake. This, 
suited algebraically, is:— 


T - 


W X I, 
211 


(HO) 


where T -- the axial thrust re(|uired ; W the brake 
load; 1 1 the length of the hmke arm: and II the 
height of the lathe centres alwc the top of tlie 
Is'd. 

The measurement of the heailstock O.H.I’. remains 
the same, however, whether this relinement is adopted 
or not, and the efficiency of the hcadstock or tile 
efficiency of the drive is deU’rmined as fol¬ 
lows :— 


lleiul.stock O.ll.l’. 

'> - lleadstock l.ll.P. • • 


The following table gives the results of head- 
stock mechanical efficiency tests which were made 
by the author on an electrically driven 18-in. centre 
lathe, which is installed in the University of Sheffield. 
The motor I.H.P. and the headstock O.H.I’. were 
obtained from muter and brake oliservations resjiec- 
tively. The motor O.H.I’. (headstock I.H.l’.) was 
obtai^tsl by making use of the efficiency curves illus¬ 
trate^ in Fig. 86. 
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TAHI.E VII. 

I.aTHK EFFIOIKXCY TEST HESI ETS. 
Ihiiiii'i //(•ik/'/i'i I. 


KflMU-li' \. I’m 


Motor 

Moiitr 

i.ii.i'. 

0.11 1' 



■4H'2 

7m1> 

4-4:t 

7-70 

4*.'>i> 

H'llt 

o-lKI 

iiuri 

no7 



l2:w 

S-'NI 

• l’i-7K 

!l Jti 


rj':n 


iin 


17*:ih 

, 2.V70 

•itt’ol 

:i.V7o 

IHHIl 

: 4’2-uo 

:irr.vt 


llt-tulAlth k 

n.H.V. 


l'7<i 

•i.vo 

•: ;«t 

:»»•:{ 

y.ix 

:ii-o 

:i 10 

iUV.') 

IIIK 

4HI 

o-2tt 

17-K 

O' (0 

.VJO 

tlHtJ 

•vi'l 

u-:\H 

oH 0 

ll'tto 

<i0-0 

i:MMi 

(;o-K 

lo-HO 

01 0 

li'l 


h:1'7:i 

HO 4 


ll« -I’i 'iiH’U. 


.m;» 110 

:is .Vi’O 

.’iM*!} .’tHMI 

rto-0 (III'.I 

«;«> (I M' 

(i’t- I 

vy.\ 71.MI 

l'2r< 7;i'2 

7»;-o 7rr« 

Th’U 7<*‘*' 

7'.f .'i 7«) 

HO-0 77h» 

Mi'O H7r> 


From lliiu talilo it will In' six'ii tlmt the three 
efficiencr vahie.s rise with the loiel er hnulstiiek 
O.H.l’. There apiH'ai-s, however, to 1 h' a limit lo 
each value, ami it is hardly prohahle that the or¬ 
dinary working eHiciencios are even nearly eijual to 
the maximum. The following valiiea may be taken 
as ordinary working ellieieiicies, these lasing the ns- 
specdve averages of the alarve values:— • 

Overall oBiciency 30 iwr crgil. 

Motor „ . .71 ,, 

Headstock „ . . . 70 ^ „ 

The separate efficiency of motion of the slide-rest 
can only be detennined exactly if the motion J»ob- 
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tained from a aeparate motor, or a ttanamission dyna¬ 
mometer i» used. The following table gives the results 
of tests in such a case. The motor experimented with 
was a 5 B.ILP. variable-speed direct current motor. 

TABLE Vin. 

li.tTUK KPHCIENCY TEST HKSIT.TS. 

Slide Itest. 


Motor 

1.11 1*. 

Moti»r 

O.ll.l*. 

' Slid® Itfst 

Kir 

thmll. 

•ifitfx, I'cr Out 

Motor, KcnI. 

l‘HH 

o-tw 

o-oa 

yr, 

4.',*0 

»*3 

l-4() 

0*04 

O-OH 

2-1 

46*0 

4-6 , 

1'4» 

0*t>7 

0-04 

37 

47() 

6*8 

ir»i 

0-7‘i 

O-Oo 

H*3 

4H-0 

6*0 

1*42 

O-O.*! 

1 0*00 

4*2 

460 

0*2 

1*45 

0-rtK 

0*OH 

.»*5 

47*0 

11*7 

1-411 

0-71 

0*10 

0*7 

4K*0 

' 14*0 

1-5H 

0-77 

oia 

7-0 

411*0 

15*5 

1-46 

O-ftO 

' 0*10 

0*0 

47*0 

, 14*7 

!•«) 

0*7*4 

o-ia 

H*7 

4H*0 

; 18*2 

IsM 

0*70 

0*17 

10*0 

. 411-0 

j 22*0 

1-66 

0-H3 

0*20 

12*1 

r)0-0 

i 24-2 


This table shows how comparatively small the 
slide-rast or feed efficiency of a lathe really ia The 
average slide-rest efficiency is only about 13 per 
cent. 

On ordinary lathes the feed motion is derived from 
the df iving headstook in which case the feed efficiency 
canndt be determined as a separate item withont* 
yatber elaborate apparatus. It can, however, be in¬ 
corporated with the headstock efficiency to give tha 
overall efficiency of the lathe. In such cases, of 
ooursg, the total O.H.P. is the sum of the two hone 
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powers usefully employed in overcoiniiid tlm Umtien- 
tial and longitudinal rosietanccs, as actually deter¬ 
mined by experiment. 

When the two motions arc sepirate, either (or 
experimental or optmition purposes, th(“ overall 
efficiency of the lathe can he obtained by working 
on the two motor O.fl.l’.'s and the headstock and 
slide-rest O.H.P.'s. The ratio of the two sutns is 
the efficiency, the formula which applies in this in¬ 
stance being— 

Headstock O.II.l’. -t- Slide-rest O.II.l’. , 
Driving Motor O.II.l’. + Feed Motor O.Il. 1’. 

^ In the following table are given the calculated 
results of such a process, the results given in Tables 
VII and VIII Iteing etnployed (or this purjK)su. 

TABLE IX. 

LATHE EFFICIENCY TEST llESI'l.TS. 

Cnmplcle Machine. 


Mot«rO.H.P. 

lalhv O.H.IV 

OvcnitI UnlhB F 
; P«r 1 Vii 

4 44 

1-72 

3H*H 


3'8C 

46*5 

S-14 

3*41 

46-M 

6-7H 

3*30 

5«-4 

7-3S 

4*40 

61-7 

8-16 

5*34 

I 64*3 

9’53 

6-4.7 

1 67*0 

9-98 

6*93 

1 69-4 

18*03 

9*48 

1 73-!l 

14-IM 

11*13 

7l-8 

1814 

18*48 

; 74-8 

31-84 

16*00 

1 76-0 
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This table shows that the limitin)’ overall eflioi- 
eiicv of a lathe is the iieighliourhood of 75 |kt cent. 
The av(!nvt;e overall elliciency of a lathe is alsmt (12 
per cent, this liein;' the mean of the altove values. 



0 0-100 0-000 
FEEOPCHM»OIUTION 

Fill. JM5.-riAtht‘-lipaiUtack efllciency oiifvi'B. 


•t will be observed that each value is less than its 
corres[0)udent in the headstock elliciency tests. 

Whan, with a single source of power, the slide- 
rest is loaded, as already described, to enable the feed 
0.11.1*. or net power to lie obtained, the pull on the 
slide should be one-half of the tangential force on 
the he^stock brake drum measured at a radial 
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distuneo from tlio iixis to tin' In'isht of tlm 

I'^iitri'S. Tim doiiil loiul oil thi' sliili'-iest nlioulil lie 
ono quark'i- of thi-;. Tlio tost coiuliiion> will tlu'ii 
itpproximati* closely to the ordinary coiutilioiis of 
cutting'. 

Another method of determiiiinn eithei headslock, 
slide-rest, or oviTiill lathe ellicieiicy involves the 
lakinj,' of a cut, the no-load and load lathe l.ll.l’.'s 
iHsiii}; ohtaiiied accordiiitt to the kind of drive and 
moasiiriny' meth xls employed. In the no-load test 
the slide-rest should he in motion at the feed of the 
cutting test. The ellicieiicy is then determined as 
follows:— 

Uad I.H.P. - No-load l.H.l'. 

• Iio.t.1 1.11.1*. 

This innthod, it will he seen, is based Ujion the 
a.ssumptioti that the frictional losses during the load 
test arc the same as those which occur during the 
no-load test. Such an assumption is obviously nut 
quite true, hut in many cases the error which is 
involved when this assumption is made may he 
ignored. 

In addition to relating the overall efliciency to the 
lathe l.II.P. or O.II.P., it is also ))Ossilile to relate 
it to, say, the feed, provided that this is the only 
variahle in the conditions of cutting. In such a 
case it is necessary to select a definite spindle sjieed,* 
and then to make the preceding tests at this sjieed, 
obtaining data similar to those recorihd in Tables 
VII, VIII, and IX. The lathe is then furnished 
• tvith a test har of a suitable length and diameter 
and at the same angular sjieed as the aixivc cuts of 
a fixed depth, hut with a variable feed, aitiitaken. 
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obiiervKtiou8 being made to obtun the required re> 
salts. 

In Figs. 9U and 97 are shown graphically the re¬ 
sults of a series of such tests, in which the catting 
speed was 50 ft. per minute, the depth of out was 
J in,, and the feeds worketl at were 0'0186 in.. 



KCO PER REVOlUTION 

Fio. 97.—Lathe-slide rcst efticiency carves. 


O'OSSl in., 0'1417 in., and 0-1880 in. per revolution 
of the test bar. The curves in Fig. 96 are head- 
stock suurves; those in Fig. 97 are slide-rest curves. 
The qprves M are motor efiBoienoy curves; those 
lettered H and 8 are respectively headstook and slide- 
rtist efficiency curves; whilst the 0 curves are overall 
efficiency curves. The two most important curves 
are ffie H and 8 curves. On Fig. 96 has also been 
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drawn the overall lathe efficicnoy curve; thia is 
lettered li. A comparison of this with II will show 
that they are lx)th of the samt' ty|io of curve. It 
will also show that the disparity Isitween them 
grows less tui th(> feed (and, therefniv, the load) gets 




4 

I 


0 


greater. This is due to the rapid improvement in 
the slide-rest efficiency with feed or load increases. 

In Figs. 98 and 99 are represented graplitcally 
the amounts of power required to drive the various 
elements of the motor and headstock of this lathe. 
,M is the no-load motor curve; A is the no-load 
headstock and motor curve without face-plate gear¬ 
ing and spindle in; E is the corresponding up-load 



motor SPEED W R.P.M. 


Fm. U8.—LaOie and motur powvr curvi^K. 
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htiiMlKtock curve; B is the motor, hemlstock, f»oe- 
pliite, and Usst liar cui-vc; F is the test har curve. 

Ill Fig. 100 are shown the headstock horBe-])Ower 
curves for thrisj dillerent depths of cut, namely, i, 
], and ; in., and a cutting siiecd of 00 ft. jier minute. 



.The full lines represent I.H.l’., and the dotted lines 
O.H.f. 

Tha corresponding curves for the slide-rest are 
^ven in Fig. 101. 

Prilling, Machine. —In the drilling machine the. 
Application of a friction brake has practically the 
same j'ffect on the drill spindle as drilling has, so 


m.v( hixk-T(mii, m'KK iKxrv ti:ntk 1!)3 


far aei tire* turning; iiioiiit'tit or tortuM* is ('onoornod. 
In aUililion to titi‘uiojiio horsf’-|«>rt('r. jiinl tin* |to\vt‘r 
which is it'iinii'i'd lo ovi'icoiiio the raliiil lii'ariii^' 
resistances, there is a power reijaiietl to otereonte 



Fk,. KHI.— FurM-s sliusina reUtioii iH-IWf-rn Isllic lietelsterk 
power Hiiil fwsl of liwl. 

jhe axial resistances which are set up hy the thjtisl. 
This latter jiower can he practically allowed for hy 
suspending from the driving spindle a known dead 
weight through a ball tearing, the numerical value 
of the weight in lbs. being equal to the value of the 
13 
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torque (product of the length of the brake arm and the 
load on the brake) in Ih-ina This relationship between 
the thrust and the torque is an average one, the ex¬ 
treme values of it lieing about 1 'S and 0 5. In this 
case the brake drum has to!» supported on a large 



Fto. 101.~-CarveB Bbowini; relation between lathe BUde'reti 
power and feed of tool. 

ball bearing, aud oonneoted to the driving spindle Iqr 
means of a feathered shaft, so as to admit of the 
vertioal movement of the latter as it raises 
, weight representing the thrust. As drilling-machine 
feeds are usually derived direotly or indirectly from 
the driving spindle, it is not possible ordinarily to 
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separate the feed ami the drive, though, of oourm^ 
in special cases it can be done. In either case, the 
feed test can be miuie at the lime of the drive lest 
by causing th(< feid motion to raise the dead thrust 
weight. 

Generally, it is the overall machine I'lliciency 
which is ruijuired. and only in spitcial cas<>s is it 
desittd R) know the values of the two separate 
efficiencies. 

The quantities letjuired an; the load on the brake, 
the length of the arm of the brake, the thrust 
weight, the sjiindlc' s|)ims 1 in revolutions per mimiti!, 
the unitdime feed (in inches )ier minute), and the 
machine I.II.P. or the O.H.f’. of the power souns'. 

Another method of determining the mechanical 
efficiency of a drilling machine is to obtain the nia- 
ohineJ.lI.P. when it is running light with the fetsl 
motion in action, and also when it is loiubsl with a 
cut The difference bv^tween the two 1.11,1’'s is 
taken to be the O.H.I*. of the imtchine, and the 
efficiency is obtained by means of expression (Hd), 
The basic assumption of this method has already 
been discussed in connection with the efficiency 
testing of lathes. 

In the following table are given Ibo results of 
some mechanical efficiency tests on an electrically- 
' driven high-speed drilling machine. In these tests 
the second method was adopted, the machine I,|1,P. 
being determined from the motor I.H.P. by mqjiing 
use of the motor-efficiency curve. 

The average value of the efficiency is 77 per centjr 
drhksh may bo taken to be of fairly general appliea- 
tiOB in practice. 
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TABLK X. 

imil.l.lN(i MAClllSE KKKICIHNCY TEST KKSI'LTS, 
('iiiHjilcte Machinr. 


Mitt'ir O.H.I*. 

I 

Okcrilt Mfvtiuic Ktti* ! 
tifiit y, iVr (Viit. i 
} 

I'Ot 

0-70 

117 a 

1 IH 

0h7 

7a 7 

1 • l‘.» 

MK i 

7J» *2 

U 1« 

0'!h; 

41-4 

2:i7 

; 


H-40 

•2-40 

70(; 

MK 

;i x\ 

7«h 


1 

i 7711 

ir»H 

4-2H 

'.laa 

rVi;{ 

a-w) 

: 711 

5"75 

.VIN) 

K7 0 

r»li 

'7’71 j 

t 

Millinij Miii'hinf. —In milling 

iDuchinos in which 

]) 0 \vi*r 

is derived from the driving spindle it 

nol 

to nuike sopurato 

test«( for tl)e luud- 


stock iind table or feocl eflicicnoies. With a soparale 
ilrive for the fetKl it is possible, however, to do this. 

The driving spindle of a milling machine is sub¬ 
jected chioHy to torsion, tlmre ladng very little thrust 
cITect in the majority of cases, and what there is in 
the others may Ixi neglected. Therefore", the simple 
brake lest will cover all the headstock losses and 
engtde the headstock efficiency to he obtained in the 
usual way. 

The table of a milling machine is subjected to a 
' pull against the resistance of the cut and a vertical 
force. The latter, of course, sets up increased fric- 
liunal resistsnoe in the table guides, and should, 
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therpfore, in tlie tests lie nllnwed for. This run he 
done hy means of a daul weight simiioiinlint; the 
tabic. The value of this woieht, for an iiveiap', 
should ho one (|uarler of the siis|M'nded weight. 
The eflieionoy deteniiiiied in such a case will lie as 
nearly correct as it is possible tfi determine it, ex- 
pcrimcnliUly or otherwisi'. 

The overall machine edicienct can !«■ ohtainisl hy 
coinhining the two st'panitc I'lliciencics In such a 
case, the weiuht alhu'lied to the table must bear 
some reasonabh' relation to the load on the bmke. 
The following formida will give it for all oriliuary 


cases:— 


'V, 


W r I, 
o 


ISI) 


where Wj - tlie suspended weight, m lb.; \\’ the 
brake load, in lb.: and lj - the length of the biake 
arm, in inches. Jn this formnla an average cutter 
diameter of 4 in. is assumed. In these tests it is, of 
course, jiossihle to ring the changes on the spindle 
speed and the feed. 

If the two drives are separate, expri'ssion (Hli) or 
one of the same form, applies. If iluw are inter¬ 
connected, the overall machine efiiciency is di'ter- 
rained hy means of the following expiTssioii: — 
Jleadstock O.ll.l’. -l- Table 0.11.1’. 

’> ” Machine l.ll.l*. 

The dififcrentiul test is also applicitble in this <^ase. 
The machine I.H.P. is obtained without a load, Wh 
the spindle and the table being set in motion at the 
working speed and feed respectively. \ load is then 
put on the machine in the nature of a out, and the 
machine I.H.P. determined for this condition. cThe 
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overall machine efficiency is calculated by means of 
expression (83). 

In the following table are given the resnits of some 
ditlerential tests on a high-jwwer horizontal spindle 
milling machine. 

TABLK XI. 

JIIl.t.INO MACHINE EFFICIENCY TESTS. 
Complete Machine. 


MAfliiiie i.H.r. 

Mw-liiiie (l.H.I*. 

Ovt>raU Maeliirut 

IVr (’eiit. 

HIO 

2*r)M 

H4G 


3 20 

Wt‘r> 


H*04 

WO * 

frftH 

4'H7 

H7-1 

«*50 

5-70 

HiM) 

7-«2 

(>•53 

Kr>-H * 


7-14 

tMi‘0 


The average efficiency is 86-6 per cent, which is 
fairly representative of modern practice. It will be 
noticed that, in common with other machine-tools, 
the efficiency value rises somewhat with the load, 
though not in the same ratio. 

Shaping Machine .—With this type of machine- 
tool the ram efficiency is the macliine efficiency since 
the cross feed of the work is effected either during, or 
at Mps end of, the return stroke and has no cutting 
resistooe to overcome. Furthermore, since tiie feed, 
motion is invariably derived from the driving motion, 
ii is not possible without special apparatus-to deter¬ 
mine the power which is requited to feed tire ww& 
across the motion of the took In any case, however, 
this power is lort in overcoming frictional retistances^ 
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and, hence, cannot appear in the O.H.F. of the 
machine. 

I'here arc at loaat throe waya of dvUirmining the 
mechanical efficiency of a aliaping niaohine. The 
firat method covers just the power or cutting stroke. 
The input jwr stroke is deterniinud hy iiioans of 
the crodl^ dynamoinoter or other recording dyna¬ 
mometer, the motion of wliose diagram card is 
controlled hy the ram. The output jstr stroke 
is determined hy ineans of tlu' hydmulic method 
descrilted, the output being ohtaiiusl from the 
oyliuder indicator card, whose motion also is con¬ 
trolled hy the ram. The efficienuv during that 
stroke is ohtainnl hy taking tlie ratio of tlie out¬ 
put to the input. To obtain a fair fiveragc it is 
necessary to take a number of sinmilanenns cards. 
In tl*e following table are smnmari/.ed the resuils 
of a number of such tests on a Iti-in. shaping 
machine:— 

T.MtfiU Xfl. 

SIlAl’INU MACHINE EKPICIENCV TESTS, 
i'oteer Stroke Only. 


LniKtii of 

Averait^ biad on 

SfU'twIot 
Haiii, Ktrokry 
I***!* Miuut*'. 

KflkifiM'v, iVr 

Stroke, iu Ir. 

; Tool, in U>. 

(Viit. 

3 

1 TUI 

271 

34-0 

i 4 

44.1 

;t4'5 

87-7 

6 

602 

371 

42« 

8 

(m 


41’7 

10 

m 

27-1 

Sl'O i 

1 

4*8 

S2'l 

, 89'8 ^ 

1 14 

i 761 

21'8 

4d-7 

i 18 

m 

26-8 

460 
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The average value o( the elHcieticy ia 41-8 per 
cent, which ia conaidcrahly less than the corre¬ 
sponding value for any machino-tjul whose main 
motion ia uni-directinnal. 

In the aecnnd method cither an electric motor (of 
known or determinahle efliciency) with an in¬ 
tegrating or recording wattmeter or a continuously 
recording transmission dynamometer is emplojiHl 
to give th(! average machine l.H.l’. over a given 
period of time. This includes the average ma¬ 
chine or ram O.Jl.l’., the driving losses during 
both power and return strokes, and the [rower 
required to give the cross feed to the table or 
knee of the machine. The average ram O.II.P. 
during the same time can he determined hy either fcf 
the two hydraulic methods already d(r.scrihwl. In 
the case of the former either a continuous indicator 
diagram must la: obtained, or rejaesentative diagrams 
taken and used in conjunction with the nuniher of 
[rower strokes made [K-r minute, fit the latter case, 
the total quantity of wati-r pumped up iit the given 
time ia measured and the qirantity pumjred per 
minute calculated fi-irm this; it is then used in 
expression (79). The elliciency is determintsl in 
the ordinary way, and is generally slightly less 
than the alrove. 

In these tests, in which iro cutting is invttlvwl, the 
tahle'should Ire loaded to the extent of alrout one- 
quarter of the average load on the tool in order to 
approximate Ur actual cutting conditions. 

* The third method ia the differential method.’ 
Owing, however, to the extent of the changes 
which occur in the power demand on the part of the 
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machine ati iiiU'Kintinfi or nKjordinj: wattmoter has 
to he usetl ill tlii- molnr ciicnit aiul tin* test nm, (ir^t, 
with 110 load, aiu! afterwards with a cut, lor some 
consideintde lime, in onler to adnm of fair avera>»es 
ixMiig ohtamed. Tlie idlieiemw is ol>Uiiii(‘il frinn tlie 
iiverjif,'!' I.II.I'.’s in the usual way hy iihuuih of 
expression (Sy). 

P/nfiuvj Mihiiinr. —TIm’ ease of this maeliine is, 
speakiufj ijenerally, not very ditVeieni toan tliat of 
the shaping; iiiaehint'; therelore, ilie alxive nsnarks 
with tlie Muhlifications implied m the previous paia- 
graphs on )>laiimg machines appl\ heie 



(JHAPTER V. 


cuTriiiQ foi«:e testh. 

Thk cmploymeat of high-speed tool steel id metal- 
outling tools of all descriptions, with its concomitant 
high cutting b)s^s and heavy cuts, has rendered 
the question of the forces which occur during cutting 
operations of prime importance, since the ability of & 
machine-tool to work at high speeds with heavy cuts 
depends, inter alia, upon the power possessed by it 
to resist the influence of the cutting forces. This 
power is, obviously, related to the mass and distribu¬ 
tion of the metal in the machine', aud the scientific 
solution of this problem is based upon a knowledge 
of the magnitude and influence of the forces which 
occur during the cutting operation or operations. 

Cutting or cutting-action forces can, in general, be 
determined in three difieient ways, in each of which 
actual cutting is involved. These are:— 

1. The direct weighing or dynamometer method; 

2. The brake and feed-test method; and 

3. The differential-ieadiDg method. 

1. Direct Weighing or Dynamometer Method. 
-^In this me&od the operative cutting force or foroee 
are balanced by a suspended weight or weights ao' 
oording to the principle of moments, or by a hy- 
( 202 ) 
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drauUo pressure or pressures either Houordiiig to the 
same prioeiple or directly. 

Lathe .—Without deatiiiK with any theory of out- 
ting-aotion, it may he stated that the total force 
which acts on a lathe tool during cutting is the 
resultant of a large nnniixtr of small forcas which 



arc not all of the same 
magnitude, neither do 
they all act in the same 
direction. This force 
can, however, he re¬ 
solved into com|ioneuts 
acting 111 three reo- 


gio. 102.- lathe < ultin-lotW'«. CO-onliuilte 

planes, these licing a 
vertical plane normal to the direction of cutting and a 
vertical and horizontal plane each parallel to the 
direction of cutting. Two of the ooiufioneiils are 
thus horizontal and one is vertical. These are 


represented in their correct ndatioiiship in Pig. 102. 
The vertical force, V, is usually regarded as a pn-s- 
sure and the most important force of the three; N 
is called the normal horizontal force; and F the 


feeding or parallel horizontal force. 


The force V is related directly to the headstock 
O.H.P., whilst the force h’ is related directly to the^ 
feed or slide-rest O.H.P. The force N sets up in-* 
creased frictional resistance both to the rotaflon of 


the spindle and the rectilinear motion of th^ slide- 
rest, and is therefore involved in Ixith O.H.P.’a 
The principle of a direct weighing method devised 


by the anthor for experimentally determining the 
values of the tiiree forces V, li, and F is h^icated 
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ill Pin. lO'l. Ill Oils iiiiithoil the tool, T, is scoured 
ill a )'iiiilml tool holder, (1, which consists of a 
hollow lilock as sliowii, tlio tool tieiiig jiivotol in 
this w'ith its axis horizontal as near to its cutting 
end as jiossihle. The connection between the two is 
either a pair of adjiistahlo conioal-ciideil screws which 
pass through the sides of the block and forip pivot 
bearings in the two sides of the shank of the tool or 



two adjustable thrust hall licariiigs, thougji in the 
fatter case side plates have to he fitted specially to 
the shank of the tool. This hloqk is fitted as near 
to the 'nose of the tool as possible, and is pivoted in 
auothet block, B, which is secured to a free hori¬ 
zontal cross slide, S, on the slide-rest, the axis of 
pivot in this case being vertical and the pivot in the 
form of either conical points or thrust ball bearings. 

Will) such an arrangement the nose of the tool is 
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ciijmbleof moiv or l.-s"! r.-ttiiclod nioiioti in ili.- tlni'o 
co ontiimti! diivulions nnliuiitfil ‘in I'V'. 101 llii.ro 
lioiii^, Inrwovor, suilin..nt fn.t>(loin of movoniont in 
each (liriTlion to a lnin of tlio ll•..)H.<:livl' force to lii. 
balanced. To obtain the |KrsitioM of balance in eacb 
direction tbrei. feeler., or tlnckni'cs ftanees arc used 
at the place.! lettered .\, the .ipae..-! willtin nhieb 
they lif bavine wkIiIk I'lpial lo the tbicKnessea of 
the res]icctn<. feelers ooirect to williin 0 001 in. 
Tile contact f. ces ate alt aeeuralelx inaebtned and 
tinialasl In scrapine. 

Tbo vertical cnlline forei' is li.ilanee I by the weielit 
\\, its conipnlation iManj. etfecied b\ means nl tile 

fyllowine formula 

W X I, 

' I., - d • ■ <•"'>) 

whare \V, L, bav the nieaniiif's Kiveii to llieni in the 
figure, and (i ■■ the dislaiiee between the cvtieme 
ppint in the cutting edge of the tool and the position 
of the centre of pri.ssiire measured in a diri'etioii 
normal to the avis of tie- work or t s| bar Tho 
magnitude of </ with respect to the depth of the ciil 
varies somewhat, d.’iiending, as it lines, cbinlly upon 
the kind and physical characteristics of the metal in 
the test bar, the relation hetwi'eii the depth of the 
out and* the feed, the ctilting s|ieed, and the sba|Hi 
of the nose of the tool. .As an avi'iage result, th(» 
value of d may be taken to Imi eijual to the i^iplh of 
the cut. 

• The normal horizontal force is halancisl by tlie 
weight W|, which is attached to the bar througS-' ■■ 
cord or other flexible connector which* has to be 
passed over one or three ball-hearing pulleys as 
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shown. Id (his case, the value of W, equals the 
force measured, that is, N. 

The parallel horizontal force is balanced by the 
weight W,,, which acts through a cord or other 
flexible connector which passes over a ball-bearing 
pulley. The calculation of the force value is cflected 
by means of the following expression:— 


F . 


( 87 ) 


W|, X li 

L, - <i 

Ij. r,„ and d having the aliove meanings. 

The weight W can also he measured by means of 
a weighing machine directly: W, through a Ml- 
orank lever (ratio of arms unity or any other definite 
value); and N also through a bell-crank lever. 

In the Nicolson lathe-tool dynamometer,' a some¬ 
what similar method of supporting the tool is em¬ 
ployed. A gimbal tool holder is used, but in this'ease 
it grips the tool at its non-cutting end. The vertical 
cutting pressure is resisted by a strut which is placed 
directly under the nose of the tool and connected, 
either directly or by means of a lever and knife-edge 
bearings, to an oil diaphragm pressure vessel and 
pressure gauge. The normal horizontal cutting 
force is measured by direct transmission through a 
strut and diaphragm pressure vessel to a pressure 
gauge. The parallel horizontal cutting’ force is 
' measured by means of two struts, diaphragm pres¬ 
sure yessels, and pressure gauges, one set on each 
side o,f the tool near to its rutting end. The force 
in each case is obtained from the pressnre-gauge 
readings, the value used in connection with the de- 
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termination of the puraiM horizontal force being the 
dififerenoe between the readings of the two gauges, 
which have initial readings given to them. 

The results which hove Issmi ohtniiiisl liy meane 
of this method apjiear to indicate that the magnitude 
of the 8[)eoifio cutting pressure or vortical cutting 
force is influenced hv (1| the cutting sjaasl; (3) 
the de^th of cut; (3) the feed; (41 the naturr* of 
the material la'ing machined: and (/i) the general 
shape of the I-xjI. 

By the application of autographic or recording 
indicators to the alrave dynamometer it should !«■ 
possible to obtain a pressure enrve from which tho 
average and instantaneous values of the verticjil 
tutting forces would ho ohtainahle. 

In a slightly diflerenl form of lathe-tool dynamo¬ 
meter a thin steel diaphragm is used as the tool- 
holder pivot in place of gimbals, the tool in such a 
OMe having only a slight frcisloiii of movement, but 
one quite sufficient under the circumstances. 

Drilling Machine .—In this cas(j, generally, tho 
total cutting force can only he resolved into two 
components: a tangential force and an axial force 
or thrust. With an improperly ground drill or a 
test piece of non-homogeneous material there is a 
third fowe, namely, a normal force hut, th(«- 
relically, in a drilling operation this does not exist. 

The tangential force (which is the main btitting 
force) sets up a torque or turning moment, and 
either the value of this or the value of the force 
itself referred to, say, the circumference of the difl 
‘ can be determined by setting up a counter resisting 
moment, The thrust can be measured by setting 
up a measured ^or; raeasoraUe rasistanoe. •> 
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With a rotatin',' drill l)oth acts o( inoasiiroinenta 
ari! olitiiiiK'il from llic work; with lotating work 
they aro ohlaiin'il from tho drill. In thn cast! of Iho 
fimt. it is iii'ooawvrv to havo recourw to tin; u'<i) of a 
floating work table and |ilslon. Thu piaton must fit 
in a largo vertical cylinder. When the thrust is 
actually balanced by a deml laninterweight or a 
weighing maehine msistance, the cyliialor acta as a 
Iruaiirig. and it should then prefemhly he equippHl 
with hall hearings to reduce the frictional reaislance, 
and the connection hetweim the chuck and piston 
stionld Ik! of the gimhal or universal joinU’d t\pe. 



is-I ■ - 


W 


fill. lilt.-lailliiijr iimrliine ilwiHiuoaieter. 

To measure the thrust in this case a lever has to be 
used, one end of which is litUal with a vertical cone 
which lita in a central conical recess in the lower 
end of the piaton. This lever is balanced and 
weightrtl as shown in'Fig IW, in which P repre- 
'jSenta the thrust and W the applied net weight. The 
valtie»of P is obtained as follows:— 

m 

When a weighing machine is used, the extra lever 
shown in Fig. 105 has also to be used. The value 
of T in this case is determined as follows i— 
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„ W, X I, X I, 

^ “ L, X I. • • '«S») 

“I * ''it 

The torque or liiriiinn nioiiuMit is obtsiiicd liy 
attachiiif'a strong coniii'clor to the liiii of llic tiilile 
and taking a strong wire or cord over ii pulley and 
attaching the weights to the end of this wiir* or cord, 
Tho torque is then determined hv nieiins of the 
following formula - 

T \V ^ U , . (!MI) 



Flu. lO**) —itmcliiiit* (IkitHninnH-tn. 


where T = the torijue in, say, Ih. in. ; \V - the siis- 
pended Weight, in 111.: and K - the rim rarlins, in in. 

By the use of a rigid connrsiting lever and a hell- 
crank lever fitted with knife edges, it is possible to 
measuie tBc titngential force hy means of a weighing 
machine, though in this case the arm of the moment 
will he the distance lietween the axis of rotatior^nud 
dthe point of contact between the straight lever and 
the knife edge of the bell-crank lever. If the hell- 
crank lever ratio is 1 : 1, the ,weighing machine 
reading will give the force applied at the end of the 
table lever. 


14 
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The hydmulio method is also capable oC applioa* 
tion in connection with the determination of both the 
thrust and the torque. In the case of the former, 
the cylinder is filled with oil or glycerine, and the 
thrust is transmitted through this to either a pressure 
gauge (recording or indicating) or an engine indicator. 
In the case of the latter, the table lever presses on a 
piston in an oil cylinder or on a diaphragm pressure 



Fio. 108 .—Twiatslrill dynsmoineter. 

vessel, the pressure so created being transmitted to 
either a pressure gauge (recording or indicating) or 
an sngine indicator. When an engine indicator or 
recording pressure gauge is used, the movement of 
the card or chart should be controlled from the 
opindle pr spindle saddle.of the drilling maoUne. 

In Hg. 106 is illustrated a form of autogr^ib 
twiit-drill dynammneter by means of which the 
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relation betwoen the torque and thrust onn lie deter¬ 
mined. The springs, MM, resist the turning mo¬ 
ment and allow the chuck, 0, which carries the 
chart or card, K, to move through an angle which is 
proportional to the torque. The springs, II, resist 
the thrust, the movement of the pencil I’ Isjing pro¬ 
portional jto the thrust. 



In Kg. 107 are shown two representative graphs, 
^he graph OA representing a more homogeneous 
metal than does the giaph OB. 

, UMing MaehiM.—ln Kg. 108 is represented one 
of milling cutter dynamometer, as devised hy 
Rof. Boliakoff fm' determining the tangential oc 
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horizontal and vertical forces which operate when a 
straight or axial-tooth millingcutter is working. The 
tost piece is secured to a sliding sub-table, 1), which 
is mounted on a hinged fixture, C. This fixture is 
supporUxl by the hinge bmckot, \\ and the point, H. 
This point, H, is connwtted to a diajdiragni pressure 
vessel K. by means of which and a pressure gauge 


SECTION AT X-Y 



Fio. 10 s.—MilUng-iimohint! dyimmometer. 


the downward cutting force is determined. The 
front «nd of the table I) is in contact with a point G, 
which is connected to a diaphragm pressure vessel, 
this lieing in communication with a pressure gauge 
or indicator by means of which the tangential or 
borilontal cutting force is determined. 

Phnimj Machine.—The cutting force in this aa.ee' 
can be treated in exactly the same way as the cut- 
Ung force in the case of the lathe tool; that is, it 
can be resolved into three rectangular components. 
Each, of these can he weighed or measured in each 
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of the waye ajievified in the ease of the latlec: ttiat 
is, hy direct weiKhins, by jiressure dyiiaiiiotiii'ter, or 
by indicator. 

With one fonn of dynainoKrai>h or auto(;raiihic 
dynamonnaer the tv|K' of enrve whicii i-i traced is 
indicated in J'’n'. I Oft, wliieli represents a pressure- 
stroke* dia^'rani. It will be seen from ibis that the 
pressure is by no means constant—a fact wbieb is 



Kiii. lO'.l. I'liinme iiiiielniir •Ifimiiieiiieter cunf. 
true in reitard to other tools and machines as well 
as this. In h'li'. 110 arc shown typical curves for 
dilTcrent metals. The index to this diiu'i-am is as 
follows: A, brass; 11, soft cast iron; (1, hard cast 
iron; J), wrought iron; M, mild steel; and ]*', an¬ 
nealed tool steel. Taking soft cast iron as the latsis 
and repre.senting it by unity we have the follow¬ 
ing comparative pressure values for the dilTerent 


metals:— 

Brass.IT 

Soft cast iron . . . .1*0 

Hard cast iron . . . I’H 

Wrought iron . . . 3'5 

Mild steel.2'7 

Hard steel . . . 2'8 
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2. Brake and Feed Test Method, —By meano of 
this method it is only jKissible to obtain the values 
of the main cutting force and the feeding forc<! at 
the nose of the tool, sinwi it involves the determinv 
tion of the powers which are absorbed at the nose 
or edge of the tool or cutter in driving the work (or 
cutler) and in fiicding the cutter (or work), it is 
related directly to the mechanical efficiency tests in 



Fm. 110.—Planing-niachine dyDainomBter curves. 


which actual loads and weights are used, and in¬ 
volves the use of efficiency or input-output curves. 

Knowing in any ease the machine input (either 
for the drive or for the feed) we can readily deter¬ 
mine the output by using the efficiency value or the 
determined relation between the machine I.H.P. and 
O.H.P. or referring to the efficiency or input-ootpot 
curvw The main cutting force is calculated by 
meant of the following expression;— 


V 


O.RP. X 33,000 
B 



where V is the force, in lb., and 8 is the cutting 


Speed referred to the outside circumfmenoe of the 
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woric or test lar in the ordinary case. Tho cutting 
pressure iukmsity is obtained as follows;— 



where A - the area of out, in si|uare iiiehes. 

The feeding or traversing force is computed as 
follows;— 


o.n.i’. X .'liio.om) 


(«3) 


where F = the forw, in lli., and F„ the f««l, in inches 
per minute. The intensity of pii’ssuie is ealeulated 

In the aixtve case. 

*3. The Differential Method. -This method only 
differs from the above in regard to the mi'ans adopted 
to oblaiii the O.H.l*. of the niaehine. In this case 
the difference Iwtwoen the load and no-load l.H.l’.'s 
is Assumed to Iw eciual to the O.fl.l'., the validity 
of wliich assumption has already la-en referred to. 

Test Results. —The published results of cutting- 
force tests show exceedingly wide variations, l>oth in 
regard to the values of the cutting-forces and in re¬ 
gard to the relations that these hear to other cutting- 
operation data. 

In the following table are given the values of the 
specific vertical cutting-force or cutting-pressure in¬ 
tensity whbh may be taken as the general average 
* values which are applicable in ordinary Jathe- 
deeign practice 
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TABLK Xlll. 
l-ATHK TOOI. TKHTS. 

Sperijii- Verlical Farie, in Tons ]>e.r S<jiiare tneh. 


MnttTUtl. 

S«lt. 

MimIiuiii. 

Hard. 




• 

SU*cl . 


no 

m 

r44Ht Inm . 

m 


70 


In regnrd to tlu^ values of the horizontal forces 
there is much (lian{!reemeiit. The late Ur. Nicolson 
stated that the results of his Manchester testa indi¬ 
cated that the normal horizontal force varied fropi 
IH la'f cent to 7H per cent of tlio vertical cutting 
force, with an aventgi' of oO ]hu' cent, and th^ the 
pamllel horizontal lorce (which he called the travers- 
ing force) was altout 'ii> per cent of this latter force. 
Mr. Taylor’s .American results' indicate, on the otlier 
hand, that these percentages are low, the operative 
values iH'ing not less than 100 gier cent in each case. 

Further, the first-named did not find that the 
depth of out or the thickness of the chip had any 
marked effect on the specific cutting pressure, 
whereas the last-named stated that the at^ual pres¬ 
sure acting on a lathe tool varied as indicated by the 
formula:— 

V = C1)**f!. . . (94) 

in witich C is a constant of an average value of 
57,000 for cast iron, and a maximum value of 
69,000; D is the depth of cut, in inches; and F is 
‘ “ IW, A.S.M.E.," 1900. 
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the linear fw-d (lor revolution. The )ire.'isure inten¬ 
sity is nl)tainu(I hv means of the following formula- 


The most exhaustive eultiiig foree tests on twist 
drills are those whieh were made by Messis. Sniilli 
& Poli^olT at Maiiehest(>r. The following formula' 
represent the most iui|)ortant results of tliesi' tests, 
these formula', aeeoixling to the ex|ierimenlors, being 
simpleapproximab' formula'of genenil iippbeation: -- 

For cast iron — 

Thrust (%) 

Torque - 7-11W' P, ' . (!t7) 

/'’(V sb'rl — 

Thrust b',"" (!).S) 

Torquel.tiHW' F . . (DO) 

In these formube d represents the dianieli'r of the 
drill, in inches, and F, the feed in inebes per revolu¬ 
tion. The thrust is in lb. and the torque in Ib.-ft. 

In some of the earlier .■\meriean tests the results 
suggested that the torque varied as the (I'll jsiwer of 
the feed, a result which docs not differ greatly from 
the above. 

The use of a Ittbricant has Ircen shown to reduce 
the torque by 18 per cent and the thrust by 20 [icr, 
cent on the average. 



OllAITER VI. 

(Il'TPUT ANK I’OWKB CONSUMITION TJSTS. 

Bv the “output" of n niaohiiic-tool is meant iho 
maximum (jiiantity (volume or weight) of metal 
which can lie removed from the stock in the unit of 
time, say one hour or one minute. This depends, in 
any ease, upon many factors, some of which are 
actually extraneous to the machine itself, such 
the general form of the cutting tool or tools, the tool 
angles, the kind of tool steel of which the tools are 
made, the relation Ixdween speed and area of «ut, 
and the nature of the material which is being 
machined. Given constancy in these conditioijs, 
however, the output of a machine-tool is a measure 
of its capability, whilst its cutting efficiency is related 
to quantity of metal which is removed per unit of 
energy, such as the H.P. minute or the il.P. hour. 

There are machine-tool operations in which the 
immediate object is the machining of surfaces, and 
the removal of a volume or weight of mebl is an 
incidental operation. In such oases, of course, out¬ 
put m^y be regarded as connoting superficial area, 
though^ from the general point of view, even here it 
is possible to determine a volumetric or gravimetrie 
ou|pnt. 

1. Det^lnation of Volumetric Output.—lo 

any given time, say, T minutes, at an average oir> 

“ '( 218 ) 
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onmfetential speed of S ft. per minute with an 
area of out of A square inches, we have that;— 
Volume removed = 12S x A x T cul)ic in. . (100) 
and ouhio in. per minute -- 12SA . . (101) 

If we have determined the angular sptxsl insleiul of 
S, then we have that 

Ca{)ioin. perininute ~ vDNA .(102) 

where D = the mean dianieter. in inches, and N the 
moan angular snecd in revolutions per minute. 

The above cx|)rfssions apiily generally to the lathe 
and boring mill, the mean diameter lieing taken as that 
midway Ixjtweon the outside and bottom diameters. 
In some cases, however, the outside dianieter is 
toften to simplify matters, though obviously this is a 
8light>ap]iroximation. 

Expressions (100) and (101) can Is' made to ajiply 
to the planing machine and shaping inacbiiie by 
substituting average cutting sjxs'd fur average uir- 
oAnferontial speed. 

In the case of the drilling maehiiie, we have 
that:— 

Ottbic in. removed per minute = 0'7H/i4 . (103) 

where D = the drill diameter, in inches, and F„ the 
feed, in inches per minute. In another form this 
is:— 

Cubic in. removed per minute = O TH/il I)’F,N . (104)^ 
where F, = the linear feed, in inches per revolution,* 
and N the angular speed of the drill, in revofutions 
,pet minute. 

With a milling cutter on plain work, we l^vt 
that:— . 

Cnbic in. removed per ndnnte •• F.dtc (105) 
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where <l = the depth ot cut, in indies, and «' the 
width of tlie cut, also in inches. 

2. Determination of Power Consumption.—This 
can he made in the several ways already described 
in connection with the experimental determination 
of mechanical efliciency. In the case of an electric¬ 
ally driven machine-tool there are three powers, 
these heiiiR the motor I.ll.l’., the machine f.H.P. or 
motor O.ll.l’., and the machine-tool O.H.l*. The 
relations between the volumetric output and these 
quantities are, in any given case, different, since the 
relations lietween tiiese i|uantities tliemselves involve 
tile motor and machine-tool etiiuluncies. 

3. Test Results.—In the case of the lathe, the 
volumetric efficiency varies from HO to 120 cubic in. 
per machine js'i- O.II.P. hour, the lower values 
being associated with the harder metals. Theft* i». 
of course, a connection between this and the mag¬ 
nitudes of the cutting forces. From this we get that 
the machine O.II.P. required to remove 1 lb. of metal 
per minute varies from I'H to 2-7, the higher value 
being associated with the harder metals. These 
values are for steel. For cast iron, the correspond¬ 
ing values are loO to 220 cubic in. per machine, 
O.II.P. hour, and 10 to !•() machine O.II.P., per lb. 
of metal per minute. 

s In the case of the drilling machine, the volumetric 
^efficiqpcy varies from 21 to 60 cubic in. per machine 
O.H.F. hour for steel, and from 55 to 110 for casl 

f 

iron; whilst the machine O.R.P. per lb. of metal 
repaoved ^r minute varies from 3'6 to 9*0 for steel 
and from 1*6 to 12 for cast iron. 

With milling machines the volumetric efficiency 
varies'from 30 to 60'cubic in. per machine O.E.P. 
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hour for stwl and fnnn fiO to 120 for cast irnn ; 
whilst the machiiu' O.H.P. (icr Ih. of mclnl rcmovial 
per minute varies from S ti to l i for steel and fiom 
1'8 to 3'C for east iron. 

From the practical isiinl of view it is usually tlii' 
volumetric eflieii'iiey lia.sisl U|ion the miu-liine I.II 1’. 
which is the (|unntit\ of iiii|Kirtan(;e. Ohvioiisly, 
this includes the mechanical ellieieney, which, as 
has Isien indicaUsl, is a somewhat variahle <|Uantity. 
The followiti}; table (jives the a\era>;e values of this 
eflicieney for the several dilTerenl types of machine- 
tool, It must, however, he liorne in mind in con- 
sidoriiif' these values that the ellieiener of c.uttin(' of 
ft* cutter or tools is an iin|)Oilant element in the 
machine volumetric eflicieney, and that improve, 
ments in this ellieieney can Ik‘ elTected either hy 
improving the design of a machine in regard to 
lioth stability and sjreed and fetsl arrangements or 
h^ improving the design of the cutter or Uxrl, or iKith. 

T.VBLK XIV. 

TAUhK OK VOhUMETHIC EFKICIE.SCIKS. 


Ififlif's jii'i 

M.u'liitii' l.lt.l*. 
liolll. 

Tyjie Ilf MiU')iuii‘*toiil. 


M.-if Iniir I.n.r. 
]MT l.ll. ot Ml'tikl 

|iur Miiiiitu. 


i Lathe . . .60-100 

I 

■ j Drilling Machine . , 20* 50 
! HiUini! Machine . 25- 50 


Uist ' U 4 I ' 

lr<»D. , ■ ^ Iron. 

lOO-lSO , 3-0 .1-5 ! r-2.3'fl 

' !• 

.w-m'i-u-Ki-oi I'H-t'C 

; I 

60-100 14-0- t)-oi -i-OisO 


This table shows that the lathe is the most efficient 
of machine-tools. 
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COMr.Ml.'VTIVK TOOL TESTING. 

In these da}sol iwoiiuiiiie jiroduetion it is de.Kimblo 
for works to use the tool steels which are moat suit¬ 
able for the dillereiit kinds of machine work done in 
them. Hence, the necessit} for the eonji>arative tciit« 
ing of tool steel from the |K)int of view of the UMr. * 

Without entering deejih into this subject, it may 
he said that there are several methods of snaking 
comparative tool tests extant, though the conditions 
which exist in nuiny works when this kind of work 
is being performisl are by no means the best, and 
the reaidts are not always us reliable as is geneially 
imagined. 

These several methods may Ik' classified as fol¬ 
lows :— 

1. The conatant-sjiced method ; 

2. The constant-duration method ; 

3. The increasing - speed or speed - increment 

method; and 

4. ^e increasing-feed or feed-increment method. 

The first is the one which is most commonly em¬ 
ployed in works, the life of the tool pr duration of 
the tost being taken as the criterion of the oulting 
ability of the tool. 


•(222) 
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Thf! second method (which was oripnally deviswl 
hy Mr. F. W. Taylor) involves the use of a liah-li of 
similar tools np to the inimher of eieht, the object 
of the test Ihmiio to determine a e.nitine s]iei’d hy the 
cnt-and-try method which will one a tool-life or 
test-duration of twenty niiniiles. 

The thiid method (which was dmised and workisl 
out hy Jjr. Kijijier and the author at Sliellield I'ni- 
vorsity) is hasisl 11)1011 the tensile-testin'; methisl of 
);radually increasine the lo.id on a s|Hciinen until 
rupture occurs. In this case, the enttme s|ie(Hl takes 
the place of the load, and this is incieaseil h\ uni¬ 
form increments until the hieakdown of the cutting; 
«d(;e or edjies occurs 'I’he volume ol ne-tal removed 
^11 the ]>rooess is taken as the criterion value of the 
tool. I.i the initial staoes ol the develo|iraent of 
Ihit mjithixl, an initial cnttiiit; sjieed of till ft, |ier 
minute was iido|ited in conjunction with a sjieid 
iDfircnient of •> ft. |ier ininnte iinule every three 
minutes. In the jireseni form of the test, the start¬ 
ing speed is 3lJ ft. |ier minute and the increment ot 
speed 1 ft. )X‘r minute made lirsl at the end of the 
first half minute and then at the end of every suc¬ 
ceeding minute. The a])|ilication of this niethisl in¬ 
volves the us(! of a variable s)ieed electric motor, so 
as to ghe sjHied changes which are {iractically con¬ 
tinuous. 

In the fourth method (which is of German origiif 
and later than the third method) the feed of the 
tool IS gradually and regularly increaseil, the cutting 
speed being maintained constant. In this case ylsc 
the volume of metal removed by the tool up to the 
point of breakdown is the best measure of the cut- 
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capHhiiitics of thv tool, as this ^ives the best tool 
credit for workinj^ at lie* coarsest feeds. 

Iti th(;se tests, certain ])recantioiis must 

!«• taken, tin* principal ones beint? as follows: — 

1. All the tools should be of precis»*ly the same 
shape, l)otli in regard to j)lan and in ri-^ard to ihc; 
various an^rles of the tools, 

2. 'I’liex should all be tested on the same test Iwr, 
and as far as {Hissible on the same diameter, though 
a pra<!li<*al seheim- wliere there are stiveral tools to 
test is to test each tool oii a nuinlHir of «liami'U*r8 
and averagi* llie restdts. 

d. The extreme ciittitig p(»ints or edges of all the 
tools should he iirmng<sl at the saim* height wi#k 
respeei to the centres of tin* lathe; |ireferablv the^ 
should lie disposed in th** hori/ontal plane which 
passes through the lathe axis. 

■1. Mach tool sliould be disposed in relatively the 
same )K>silion to the test bar so that the op(‘ruti*’e 
tool angles are the sam»’ in rvi*ry case. 



CHAITKK VIII. 

CCMIilERCUL M.ACHI.NF, T(HII, TKHTISO. 

ThKbb does not appciir to be any uniform practice 
in regard to thir matter, though the object of many 
of these tests is the testing of the pnlliiig or driving 
power of the machine. Thus, if a latlie, for instance, 
has sufficient pulling or driving power to take a 
specified cut at a specified cutting speed on a s])eci- 
material and to do it for a specifietl period of 
time awithout undue heating of the hearings and 
slippage of the licit (where one is employed) it is 
passed.* Ur. again, a drilling machine is commer¬ 
cially tested for its iienetrating power If it will 
dnil, say, holes 1 in. in diameter, at a given rate 
(such as 10 or Id in. per minute) in cast iron or 
steel, it is passed. 

Of course, much depends upon the i|uality of the 
steel in the tool or cutter which is used, in the tests, 
and it not infrequently happens that the modern 
machine-tool is superior to the cutting tool. In 
&ct, it IB the claim of at least one manufacturer of 
Quudiine-tools that he cannot find a tool steel whicl| 
does not break down in bis lathes when tlj^y are 
beang commercially tested, so severe are the, condi¬ 
tions of the test, to the credit, of course, of the 
maobine. Whether this is of general >pplies'ion 
(225) 15 
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or not is a doubtful point; hut it is undoubtedly 
true that, since the introduotion of high-speed tool 
steel, maohiuc-tool manufacturers have put a large 
amount of metal into their machines so as po suo- 
eessfully cope with the increased forces which oper- 
ate in cutting operations. The direct result of this 
is that machine-tools oan be worked with heavier 
sjieed and feed combinations than suitably dimen¬ 
sioned tools can work w'ith. The limit of a machine 
is, however, the limit of its weakest element, and it 
thus api>ears that at the jiresent time this is the 
cutting tool, Prohablt it will be always so, since 
the tool is the element which is, generally, the most 
severely stressed under the inrtuence of the cutting 
forces. 

No reliable data concerning these tests are avail¬ 
able since the conditions under which such te.sts are 
made are so very variable and, generally, are such 
that the test results are of little companitive value. 


THE END 



